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PREFACE 


The work presented by this thesis was funded by the coorporation between the University of 
Aleppo (Syria), Technical University of Berlin (Germany) and Brandenburg Technical 
University of Cottbus (Germany) in the research area “the evaluation of digital 


photogrammetry in the documentation of the cultural heritage”. 


The investigation and the implementation of experiments are based on the data of the 
historical graphical materials of the city Baalbek in Lebanon. This work was presented from 
October 2005 until September 2010 at the Berlin Institute of Technology, University of Berlin 
and has been supervised by Prof. Dr. Eng. Dr. h. c. Lothar Gruendig. 


With this thesis, three main problems will be posed and investigated: 


e The first, how can the orientation process of different historical image types be best 


achieved (with respect to the poor properties of the images used)? 


e Second, the combination between the different historical image types of Baalbek to achieve 


an optimal 3D object reconstruction will be discussed. 


e Finally, it will be investigated: in which Level of Detail (LOD) Baalbek’s data set can be 
modelled with respect to requirements of CityGML (City Geography Markup Language). 


The thesis comprises eight Chapters; the first one includes an introduction about the research 
motivation and objectives. Some theory and mathematical background of camera calibration 
will be presented in the 2"{ Chapter. In the third one a new approach for relative orientation of 
non-Calibrated historical photos of Baalbek will be described. The fourth and fifth Chapters 
describe the orientation process based on the combination between different image types. 3D 
object acquisition, quality assessment of Baalbek’s data sets as well as a 3D modelling will be 


discussed in the 6” and 7° Chapters. 


In 8° Chapter, concluding remarks and results are summarized. In addition, perspectives, 


remaining open questions and problems for future works are addressed. 
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ZUSAMMENFASSUNG 


Diese Arbeit befasst sich mit der Auswertung von historischen Bildern unterschiedlichster Art 
zur Dokumentation von Objekten des Weltkulturerbes. Beïispielhaft wurde verfügbares 
Bildmaterial (vertikale, terrestrische und Schrägaufnahmen) der Stadt Baalbek in Lebanon 
verwendet und photogrammetrisch ausgewertet. Bei der Verarbeitung des historischen 
Bildmaterials tritt eine Vielzahl von Problemen auf, deren Ursache in der Aufnahmesituation 
(wie zum Beispiel: unterschiedliche Aufnahmezeitpunkte, unterschiedliche Bildmañkstäbe, 
verschiedene Flughôhen und verschiedene Kameras) bzw. in der Beschaffenheit der Bilder zu 
sehen ist (unterschiedlicher Kontrast der Grauwerte in den Bildern, Bildrauschen). In der 
Regel sind keine Daten über die verwendeten Kameras bekannt, was eine Auswertung 


wesentlich erschwert. 


In dieser Arbeit wird eine Strategie entwickelt, die einen Beitrag zur kombinierten 


Auswertung von historischen Bildern liefert. Der Lüsungsansatz sieht drei Stufen vor: 


e Unter diesen Bedingungen von den verwendeten Bildern wird in dieser Arbeit eine 
entsprechende Strategie basiert auf verschiedenen Klassen von historischen Bildern zur 
Kamerakalibrierung und Bildorientierung entwickelt. Diese Strategie liefert einen effektiven 
Beitrag für den relativen Orientierungsprozess, da diese kombinierte Auswertung von den 
historischen Bildern bisher nur unzureichend untersucht wurde. Sie bildet daher einen 


Schwerpunkt dieser Arbeit. 


Zunächst müssen die verfügbaren Bilder im Koordinatensystem Baalbeks gemeinsam 
orientiert werden, um die unbekannten Parameter der inneren sowie der äukReren Orientierung 
zu bestimmen. Diese Parameter werden durch einen speziellen Algorithmus auf Basis der 
Bündelblockausgleichung berechnet und somit die Verzerrungsparameter (radial und 
dezentral) ermittelt. In der Arbeit wird untersucht, wie die Näherungswerte der Unbekannten 
optimal geschätzt werden und wie weit sie die erforderliche Genauigkeit und Zuverlässigkeit 


beeinflussen. 


e Zur relativen Orientierung der historischen Bilder von Baalbek wurde ebenfalls die 
Methode der Bündelblockausgleichung angewendet, da sie den Zusammenhang zwischen den 
Bildkoordinaten (als Beobachtungen) und den Objektkoordinaten direkt, d.h. ohne Umweg 


über Modellkoordinaten, herstellen kann. Dieser Zusammenhang lässt sich durch die 
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mathematische Beziehung zwischen den Beobachtungen Î; (z. B. Bildkoordinaten, 
Passpunkten, usw.) und den Unbekannten À; (wie z. B. die Parameter der inneren und äuReren 
Orientierung) präsentieren. Diese Beziehung kann mathematisch als funktionales Modell 
dargestellt werden, welches als die im Ausgleichungsprozess angewendete Hauptform gilt. 
Generell ist der funktionale Ansatz nichtlinear, deshalb wird im Rahmen der Arbeit der 
Lôsung dieses Problems spezielle Aufmerksamkeit gewidmet. Unter der Annahme, dass die 
Ausgleichung generell mit linearen Funktionen gelôst werden kann, wird ein Linearisierungs- 


prozess eingeführt. 


e In den jetzt orientierten Bildern künnen räumliche Objektkoordinaten gemessen werden, 
um 3D-Objekte zu rekonstruieren. In dieser Arbeit wird untersucht, in wie weit durch die 
Kombination der verschiedenen historischen Bilder eine beste 3D-Objektrekonstruktion 


môglich ist. 


Die 3D-Daten Baalbeks liefern den Input zu einer 3D-Modellierung basierend auf CityGML 
(City Geography Markup Language). Daher beleuchtet die Arbeit, welcher Detaillierungsgrad 
(Level of Detail-LOD) bei der Modellierung erreicht werden kann. 


Darüber hinaus werden, soweit môglich, CityGML-Objekte (CityGML-Entitäten) der Stadt 
Baalbek durch semantische Informationen angereichert (z. B. Kategorie, Name und Adresse 
des Objekts), da sie einen wesentlichen Mehrwert für die Analyse der historischen 


Entwicklung der Stadt liefern. 


Mit der vorliegenden Arbeit wurde erreicht, dass die interne geometrische Konfiguration der 
unterschiedlichen verwendeten Kameras unter Berücksichtigung der Linsenverzerrung 
bestimmt werden konnte, und somit eine integrierte dreidimensionale Vermessung auf der 
Basis historischer Bilder môglich ist. Als weiteres anwendungsbezogenes Ergebnis wurde ein 
3D-Stadtmodell von der historischen Stadt auf der Basis von CityGML in zwei verschiedenen 


LODSs generiert. 
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ABSTRACT 


Within this research the combined evaluation of different types of historical photos for the 
documentation of cultural heritage sites is discussed. For this purpose the historical photos of 
Baalbek in Lebanon have been used which can be classified into three types: vertical, oblique 
and terrestrial photos. Due to the poor properties of these photos (such as: different cameras 
used and no primary data of cameras’ parameters, different image scales, different altitudes of 
the flight, the contrast of the gray values and the image noise are relative high, in addition the 
images had been taken in different dates, etc.), it is not a priori clear by which combination of 
the image orientation process the best results (namely, the accurate determination of camera 
parameters) could be achieved. Therefore, an approach for the relative orientation process 
will be discussed. Since the relative orientation is the position recovery and orientation of one 
image system relative to another, the potential of the mentioned approach is to reveal (from a 
mathematical point of view) the direct and indirect impact between the historical images of 
Baalbek to each other. It can be considered as a new contribution for the image orientation 
process based on the combination of different image types. This approach consists of three 
steps; the first one is the orientation of each image type in a separated block with its special 
properties (e.g. for each type a special camera was assumed). Second, the orientation process 
only for the vertical and oblique photos together has been achieved. Finally, all types of 


historic Baalbek’s photos have been assembled into the same block and then oriented. 


The abovementioned orientation steps were carried out using the bundle block adjustment 
method. This way has been selected because it enables to model the direct relation between 
the photo’s reference system and object space optimally. The mentioned relation between 
both systems describes the relationship between the input data which are called observations 
L; (e.8. the coordinates of image points, control points, etc.) and unknown parameters À, (e.g. 
the parameters of interior and exterior orientation). The requested relationship can be 
mathematically presented through a model (called a functional model) which will be the main 
form applied in the adjustment problem. In general, the functional model is highly non-linear; 
therefore a special emphasis has to be respected when solving this problem. Due to the 
assumption that the adjustment method is generally achieved with linear functions, a 


linearization process should be enforced. 
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Based on the oriented model of the historical photos, the combination between the different 
historical images of Baalbek - in order to achieve a best possible 3D object reconstruction 
will be evaluated by independent controls. Moreover, Baalbek’s 3D data extracted from 
oriented historical photos will be considered the main input data used for a 3D CityGML 
modelling (City Geography Markup Language). CityGML modelling supports different 
Levels of Detail (LODs); by them different data collections can be represented and modelled. 
In this context, it will be investigated: in which LOD Baalbek data acquired can be modelled! 
In other words: based on the quality check of Baalbek data we want to know in which LOD 


Baalbek data available could be modelled. 


In addition, the semantic modelling of this city should be taken into account, because the 
geometric model does not support all information needed (e.g. classification of objects, 
building function, building class, names, etc.). Thus, the objects’ geometry isn’t the only 
quality concern. This will guarantee the creation of a geometric and semantic 3D city model 
of Baalbek which on the one hand provides an important document for this city and on the 
other hand allows to understand and to enable the analysis of the historical developments of 


Baalbek’s building remains from the prehistoric date until 20° century. 


Work results are: the internal geometric configuration of the different cameras used and the 
lens systems were determined; so that the measurement of the applicable 3D object points is 
possible. Moreover, the quality of Baalbek’s data extracted based on the oriented model of the 
photos has been checked. Depending on the quality assessment of Baalbek’s data a 3D city 
model of this historic city was created in two different LODs. The results will be also 
considered a data base for other applications and projects in Baalbek’s space (for e.g. the 


Geoinformation System GIS, archaeology, architecture, etc.). 
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1. Introduction 
1.1. Motivations of the research 
e The historical importance of Baalbek 


Baalbek is situated on the northern of the Beqaa-Plain/Lebanon which was settled in the 
beginning of 3“ millennium B. C. and the old preserved dwellings validate the historical 
importance of this city. The existing of the Roman Colonia lulia Augusta Felix Berytus (15 B. 
C.) was the reason that Baalbek had a settlement of the Roman veteran. Additionally, the 
constructions such as the temples: Jupiter, Bacchus and Venus are witnesses of Baalbek’s 
wonderful constructions. The sanctuary has been designed in a new form and built in a 
monumentality which was not known before. Through the (4° - 7° centuries) Baalbek had 
gotten more Christain churches which could displace but slowly in the old cults. In the 
Islamic era (in 635 A.D.') and in the (12° - 14° centuries) the site of temples had been 
converted into a great fort. Since 1984 Baalbek is inscribed through the UNESCO as an 
important site of the urban heritages (Figure 1.1). 


“The sanctuary of Jupiter Heliopolitan is often referred to as the Acropolis of Baalbek. The 
Arabs however call it the Kala’a, which means fortress. The compound of the temple of 
Jupiter covers an area of about 27000 square meters, of which 10000 square meters were open 
courtyards and stairways. The remaining 17000 square meters were covered with peristyles, 


exedras and interior spaces” (Ragette, 1980, pp. 27-39). 


“The temple of Jupiter and its courtyards were planned as a whole. During the Augustan era it 
became customary in Rome also to place the temple inside a court, although usually at the far 
end of it. In Baalbek; this would have resulted in an area of about 300 by 130 m, comparable 
to the great court schemes of Jerusalem, Damascus or Palmyra. The Romans planned to build 


a courtyard centrally placed in relation to the altar of sacrifice” (Kalayan, 1969). 


However, in the first half of the first century A.D. the courtyard was stopped in line with the 
temple façade, although foundations had already been placed for a further stretch along the 


North side of the temple. This suspension of construction was probably the result of the 


!A.D.: date used in reckoning dates after the supposed year Christ was born. 


2 Chapter 1: Introduction 


excessive effort required to achieve a rather questionable architectural result. The Figure (1.2) 
shows the six remaining columns of the temple of Jupiter resting upon the pre-Roman podium 
wall. The huge stones in the front of it belong to the base course of the intended Roman 


podium extension. 


The second temple in Baalbek is Bacchus. This temple is particularly well preserved. It is, in 
the fact, the best preserved Roman temple of this size anywhere. We should refer to it as the 
temple of Bacchus, because the dedication of the building to this Joyous God is far from 
certain. The temple stands in a curious relationship to the great complex of the temple of 
Jupiter. The first person to suggest the attribution of the temple of Bacchus was the German 
archaeologist Otto Puchstein. His theory was based on the carvings around the door of the 
temple and particularly those belonging to the adytum or inner shrine. “However, the temple 
of Bacchus represents the remarkable moment of classical architecture where exterior and 
interior are of equal importance, a condition achieved neither by the exquisite exterior of 
Pericles nor the great interiors of antiquity” (Ragette, 1980, pp. 40-51). Some parts of the 


temple Bacchus are represented in the Figure (1.3). 


Until the early seventeenth century there was not a specific reference to the round temple of 
Venus, but an indication was found, that the small temple had already in the year 1630 been 
turned into a church dedicated to Saint Barbara. “Henry Maubdrell in his journey from 
Aleppo to Jerusalem in the year 1697 confirmed that the circular temple was used as a church 
by the Greek Orthodox in the town. He wrote: Coming near the ruins, the first thing you meet 
with is a little round pile of building, all of marble. It is encircled with columns of the 
Corinthain order, very beautiful, which support a Cornish that runs all round the structure, of 
no ordinary state and beauty. This part of the remains is at present in very tottering condition, 


but yet the Greeks use it for church” (Ragette, 1980, pp. 52-62). 


The important reference to the temple of Venus is the following comment by Leon Delaborde 
in the year 1837: “At the beginning of our investigations we were led to a small temple built 
near a brook which later passes along the wall of the castle and turns a mill. I refer to the 
drawing by my father which shows the general layout of this small round temple, the search 
for elegance which distinguishes it, the slightly heavy coquetry which characterizes it. The 
whole righthand part of the monument, the one which we can not see on the drawing, has 
fallen, and the rest will not keep standing for long; the walls are cracking and the columns are 


out of the plump”. The temple of Venus is shown in the Figure (1.4). 
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Figure (1.1): City of historic Baalbek (image © 2006 Digital Globe) 


Fig. (1.3): The Temple of Bacchus Fig. (1.4): The Temple of Venus 
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e Modelling with spatial data quality 


The spatial data are in high demand for many applications, projects, researches, etc. Therefore 
the quality and reliability of the acquired data are essential for any further processing or use 
(Ragia, 2000). In other words, it should be investigated how best to present the real world 


using spatial data and depending on the view of the user’s requirements. 


In this research, 3D modelling using the spatial data extracted from the oriented model of 
Baalbek’s photos will be created. By this modelling the quality measurements of the spatial 
data will be investigated with respect to the input data (the historical images of Baalbek and 
their properties). The quality criterions could be categorized into four aspects: geometry, 
topology, semantic and appearance. The geometric quality will be discussed in detail because 
it is a main step for 3D object reconstruction and 3D modelling. In addition, the semantic 
check also takes an important role through the modelling because it enables to understand and 


to recognize the objects to be modelled. 


The intended 3D model of historic Baalbek should be applicable for next evaluations by 
historians, archaeologists, architects, etc. This will make the data available and therefore it 
allows for easy measurements requested from other users (e.g. photogrammetrists, architects, 


etc.) for further projects and applications (like: renovation process, GIS tasks). 


e Graphical material 


The main graphical materials of Baalbek include the historical aerial photos (vertical and 
oblique photos; taken in the years 1933, 1937 and 1940) as well as terrestrial images which 
have been taken in the year 1904 and stored in the Brandenburg state office for the 
archaeology (cf. the Figures 1.5.a, 1.5.b and 1.5.c). Baalbek”’s photos have poor properties due 
to following: 

-__ different cameras used and different image scales 

- great contrast and high image noise 

-__ different altitudes of the flight 


- the images have been taken in different dates 


In addition, there are no primary data about the cameras used, therefore in this study a 
mathematical method will be developed in order to orient these images as well as to use the 


extracted data optimally. 


Chapter 1: Introduction 


Figure (1.5.c): A section of a terrestrial image of Baalbek taken in 1904 by Meydenbauer 
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e Demand of photogrammetric methodology 


In photogrammetry two scenarios could be distinguished. The first one, which is more likely, 
deals with different image types separately. Moreover, most of the images implemented in 
this scenario are taken with high resolution cameras and therefore these photos have a high 
quality. In addition, photogrammetric processes can be accessibly performed due to the 


availability of different specific software. 


In the second scenario, which is less likely, there are other photogrammetric cases such as: if 
we have to deal with different image types together; in these cases a combination between 
image types should be taken in account. Other point can be posed that if the images are taken 
with old cameras (like: Baalbek’s photos); this means the photos may have poor properties 
(e.g. high image noise and contrast). Furthermore, “image matching process is an important 
problem in this scenario, because with this unusual arrangement and different image types no 
automatic block adjustment is possible with standard software for automatic image matching” 


(Jacobsen, 2008). 


Within this research, a contribution for a photogrammetric methodology dealing with a 
combination of different types of historical images will be introduced. It should characterise 
the potential of combination of image different types. The characteristics of this methodology 


rely on the following aspects: 


- _Overcoming challenges arisen through the bundle block adjustment (e.g. formulation 
of the mathematical model applied in adjustment computations). 

- Image sequence that is applied in the orientation process. 

- Accuracy analysis (e.g. accuracy parameters would be higher in the combined 
evaluation than separate one, less or satisfied the required purpose). 

- Gross error detection (blunders). 

- Image matching (measurement of tie points). 

- The relation between cameras to each other, as well as the lens system and 
determination of distortion parameters. 


- _ How to do if there is no data available for cameras used. 


In this thesis, the investigations and implementations of the suggested methodology are based 
on Baalbek’s historical images, but the mechanism should be applicable for further historical 


photo types of different sites. 
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1.2. Research objectives 


According to the above mentioned motives of the research, the main objectives of this work 


could be expressed as following: 


e Image orientation: the available graphical materials have to be oriented in Baalbek’s local 
coordinates system in order to estimate the unknown parameters of the interior and exterior 
orientation. These unknowns will be calculated based on the observations (e.g. coordinates 
of image points associated with ground points known) using the bundle block adjustment 
method. This method was selected because it gives a best modelling of the direct relation 


between the photo system and the object space. 


The mentioned relationship can be mathematically presented through a model (a functional 
model) presenting the main form applied into the adjustment problem. In general, the 
functional model is a highly non-linear form; therefore a special emphasis has to be put on 


the solving this problem. 
e Combination of vertical, oblique and terrestrial images: 


The combined evaluation of the different types of historical images is an important aim of 


this work due to the following: 


- Up to now minor investigations about this combination have been achieved. In this 
context, a contribution for geometry of vertical and oblique image combination has 
been discussed by (Jacobsen, 2008). In addition, (Tournaire, et al., 2006) have 
introduced an image-based strategy for a sub-decimetre quality georeferencing of 


Mobile Mapping System in urban areas using ground and aerial-based images. 


- _Itis a good aider for image understanding and interpretation. For e.g. vertical images 


need experience to read! Other types like oblique and terrestrial are easier to interpret. 


- By using the combination between different data sources hidden parts of objects in 


photos can be detected, this enables a good geometrical data extraction. 


- _Itis essential to know: by which combination and order of the images the orientation 


process can be best achieved to get best results (e.g. orientation parameters); where 
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this enables to know which image sequences would be reasonable and practicable for 


the orientation process. 


e_ Orthophoto creation: The photos of Baalbek are in the form of a focused perspective. The 
image’s information has to be changed into an orthogonal projection to create orthophotos. 
For this aim a Digital Terrain Model is essential to reduce and even to eliminate the radial 


distortions in the images. 


e 3D Reconstruction: based on the oriented model of the photos the space object points 
could be measured in order to reconstruct 3D objects. In this step, the possibility of the 3D 


object reconstruction depending on the graphical materials of Baalbek will be verified. 


+ 3D Modelling: the modelling of 3D data extracted from the oriented historical images of 
Baalbek is regarded an important aim in this thesis because it enables to represent Baalbek 
data as well as to document the historic city and its ruins. For this purpose, CityGML 
modelling will be implemented. In this context, it will be proved to what extent CityGML 
can be considered as an accessible standard used for cultural heritage sites 


documentation. 


e Result visualisation: the work results will be presented in a web-based environment, 
facilitating the Internet-based graphical characterisation of the GIS contents. Moreover, the 


3D model can be offered in Google Earth and as 2D maps. 
1.3. Related work! 


The first excavations and studies of Baalbek as well as an initial documentation of the 
preserved material remains have been carried out by the first German researchers between 
1900 and 1904. In the next decades, French colleagues undertook conservation measurements 
and an intensified research on the theological problems of the Heliopolitaean trias round of 
the three temples. The French revealed that there was a stairway leading up Sheikh Abdullah 
area. In the 1920s the Department of the Antiquities of the French mandatory government 
continued the researches and restorative work. Since 1945 the Lebanese Direction Generale 


des Antiquites (LDGA) has continued this work. 


! Main data sources are: (Van Ess, 1998), (Van Ess et. al., 2003) and (Wiegand, 1921-25) 


Chapter 1: Introduction 9 


Current fieldworks are being conducted in different areas of the Roman town of Baalbek. An 
important aim of the processes concentrates the further documentation, drawing and 


stratigraphic analysis of the areas and the buildings. The fieldwork projects are as following: 


-  Bustan el Khan (in the 1960s, 1970s and 2001-2004) 
- Area of the so-called Venus temple (in 2002) 


-  Qala’a in 1960s and Sheikh Abdullah since 2002 


The results of these aforementioned works of the town history and geodesy led to a new 
assumption concerning the chronological sequences of the wonderful constructions of the 
temples and their interrelationships. These chronological sequences could be summarized in 


the following points: 


- In the Hellenistic period the former comparatively small tell (on which there was 
probably already a temple building) was converted by the construction of the first 


large sanctuary. 
- The town might have had to move to the foot of tell. 


- At this early stage a road axis might have been created, which led across the 


settlement to another important religious building in the quarter of Haret Beit Sulh. 


- The temple of Jupiter and the so-called temple of the Muses were axially oriented 
towards this hypothetical temple. This held true for the later monumental temple of 


Jupiter in Roman times. 


- In the early Christian period the area of the so-called temple of Venus was 
transformed into a Christian church complex, and in the Sth century A.D. the large 


basilica was built in the Great Courtyard of the sanctuary of Jupiter. 


Important to note that two photogrammetric efforts were achieved by A. Klotz and M. 
Gessner in 2005 and 2006 using Baalbek’s historical vertical images. Input data used in the 


mentioned efforts are presented in the Table (1.1). 


! The points summarizing the chronological sequences are quoted from: www.dainst.org 
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Klotz (2005) Gefiner (2006) 


6 (image points) +0.5 pixel 


6 (object points) +5 cm (XY), +20 cm (XY), 
+10 cm (Z) +30 cm (Z) 


Table (1.1): Input data used by Klotz and Gefiner in the orientation process of Baalbek’s 


vertical images (o is the standard deviation) 


Although the scientific works and researches in Baalbek started in 18! century, there are 


unexplained issues which could be posed such as: 


- The parameters of the cameras used and lens system. 

- Building location, design and construction. 

- The temples and their interrelationships (geometry and topology). 
-_ Road axes and their changes. 


- _Thematic and semantic data, etc. 


These issues are considered additional motivations for this thesis; especially with using the 
oblique and terrestrial photos of Baalbek, which could be given more information about the 


historic city of Baalbek. 
1.4. Available materials 
1.4.1. Vertical aerial photos 


These photos have been taken in the year 1937 through the French mandate and are located in 
the Institute of Francais du Proche Orient (IFPO) in Damascus as celluloid photographic film. 


They were performed on glass sheets with the size 18 X 13 cm and have four fiducial points. 


These images were scanned and sent to the Technical University of Cottbus. Unfortunately 


the resolution of the scanner used is unknown, but by using of the image processing softwares 
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(e.g. Adobe Photoshop CS2) it can be displayed that the average size of the digital aerial 
vertical images 6272 X 4789 pixel. 


Consequently, the pixel size can be computed with respect to the following ratio: 


P image size on the glass sheet (1) 
S image size of scanned digital image ‘ 


Hence, the pixel size would be -— 29 um and the image resolution about (880) dpi. The 
camera used for this type was considered as a metric camera, because there are four fiducial 


points associated with the photos (Luhmann, 2003, pp. 130-134). 


The following information can be observed on the photos borders: 


Mission vertical 29 12/4/37 3 cmc experience, 
GB’39/2 ES M30 CL66 F.0. 26 C-C, 
CL85, ALT 2100 


The interpretation of this information may reveal that the focal length of the camera used was 
260 mm (F.0. 26 C-C). ALT2100 could be the absolute altitude above the sea level. The 
mean altitude of Baalbek’s ground is approximately 1156 m (in this case: the mean value of 
Z-coordinates of the control points which were measured in Baalbek’s coordinates system); 


this leads to the flying altitude of approximately 945 m. 


Eventually, in the study case of Baalbek the following assumption has been accepted: “the 
aerial vertical photos have been taken through the same metric camera; moreover they cover a 
maximal area of Baalbek”. The properties of this type of images are summarized in the Table 


(1.2). First of all the assumed flying direction over Baalbek was South-West to North-East. 


Although the information addressed on the photos borders indicate that the camera focal 
length may be 260 mm, but this value was not taken in the orientation process. This is due to 
information (presented by Carlier, 1942) referred to the cameras produced in the exposure 
date of Baalbek’s vertical photos (see Chapter 3.2.1.1). The camera constant applied therefore 


is 200 mm. 
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Flying year 1937 
Number of the images’ 14 
Image size (6272 x 4789) Pixel 
Scan resolution 880 dpi 
Flying direction SW-NE 
Focal length 200 mm 
Flying altitude 945 m 


Table (1.2): The properties of the vertical images 


1.4.2. Oblique aerial images 


The oblique images have been taken in the year 1933. They were scanned using the photo 
scanner (Epson 4870) with the resolution 600 dpi that means the pixel size is round 42 um. 
Through the scan process two problems have arisen: the first is that the fiducial points on the 
images are not complete (in standard case there are four fiducial marks), where the area of the 
transmitted light of the scanner was around 6x9 inch, so the negative film was not completely 
collected, thus some of these photos have just only one or two fiducial marks. The other one 
refers to the image resolution, due to the poor quality of the images the high resolution 
doesn’t take an important role in order to get more details from the images. Since that the 
information source about the camera focal length - for this type of the images - is only the 
data recorded on the image borders; it was considered that the value of 260 mm is an 
approximate value of the camera focal length. Other properties of the oblique images are 


given in the (Table 1.3). 


Photograph year 


Number of selected images 8 


Image size (4087 x 2959) Pixel 


Scan resolution 600 dpi 


Focal length 260 mm 


Table (1.3): The properties of the oblique photos 


* This number presents only the number of the selected images 
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1.4.3. Terrestrial photographs 


The third part of Baalbek’s graphical materials is the terrestrial images which refer to the first 
German researches in the beginning of the 20° century in Baalbek. These photos are stored in 
the regional authority of Brandenburg/Germany (Meydenbauer’s archive). There are 23 
terrestrial images of Baalbek which have been taken in the year 1904. Probable camera - to - 
subject distance was assumed between 300 m to 500 m. The terrestrial photos were scanned 


using the scan resolution 1000 dpi, which leads to the pixel size -25 um (Table 1.4). 


Photograph year Beginning of 20" century 


Number of selected images à 


Image size (11882 x 7968) Pixel 


Scan resolution 1000 dpi 


Table (1.4): The properties of the terrestrial images 


According to the Meyer’s classification of the cameras which were produced by Albrecht 
Meydenbauer, the camera focal length was regarded 350 mm as initial value applied into the 


adjustment computations (Meyer, 1985). 


The cameras used for the oblique and terrestrial photos were considered as a non-metric 
camera, because of no existing of a special referenced frame of the image area that means the 


coordinates of fiducial points are missed (according to Luhmann, 2003, pp. 130-134). 
1.4.4. Additional information 


e Control points: in the years 2003 and 2004 the coordinates of control points have been 
measured, in the local system of Baalbek, using tachymeter and reflectorless pointing. The 
accuracy of the measurements is between +10 cm. The control points were drawn in 27 


sketches in the form A4 (selected sketches are presented in the App. A). 


e Tachymeter Leica (TCRM 1102) was used to measure the above mentioned coordinates of 


the control points. 
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e Topographic maps: there are two digital topographic maps of Baalbek which had been 
produced in the year 1962. They have the map scale 1: 20 000 and cover the whole area of 
historic Baalbek Figure (1.6). 


VE AV 
(0 


{1 


Figure (1.6): A section of Baalbek’s topographical maps 


(Source: Institute of Francais du Proche Orient IFPO in Damascus) 


A close view of the studied area included in the vertical and oblique images (also the 


overlapping areas) is depicted in the Figure (1.7). 


Figure (1.7): The studied area of historic Baalbek included in the vertical images (red 
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polygon) and oblique photos (orange polygon) 
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2. Theory of a camera calibration 


The term “camera calibration” describes the internal geometric status of a camera and lens 


system. It can be expressed, in general, by the determination of the following elements: 


“ the calibrated principle distance (c4) associated with specific focal settings 
=“ the coordinates (x, , y5) of the principle point 


" lens distortion parameters 


On one hand the abovementioned elements are called “interior orientation parameters” (see 
Chapter 2.1) which can be estimated based on different calibration methods (e.g. the method 


of self-calibration, on the job calibration, etc.). 


On the other hand the determination of the spatial position of a camera in the object 
coordinate system should be taken into the account. In this context, the identification of the 
spatial location of the respected camera can be carried out based on specific parameters called 


“exterior orientation parameters ” (Chapter 2.2). 
2.1. Interior orientation 


Interior orientation is the term implemented in photogrammetry to describe the internal 
geometric configuration of a camera and lens system; in other words: the position of the 


camera projection center should be described according to image coordinate system. 


It would be meaningful for the photogrammetrists to know: what occurs to the bundle of the 
rays coming from the object and passing through the lens of their imaging device. The above 
mentioned configuration of the passage of a bundle of the light rays through the lens to the 
image plane can be presented mathematically by set of parameters which are defined as 
interior orientation parameters. These parameters can be expressed as following (Fryer, 2001, 


pp. 156-159): 
e Principal distance 


The perpendicular distance from the perspective center of the lens system (projection center) 
to image plane is termed the principal distance. In the aerial photogrammetry where the 
camera lens is fixed at infinity focus, the terms focal length and principal distance may be 
used synonymously. Particularly, at close range photogrammetry the cameras used are often 


focusable; therefore the focal length is the principal distance which should be determined. 
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e Principal point 


The principal point of the autocollimation is presented as the perpendicular foot of the center 
of the lens system (projection center) on the plane of the focus. In standard case the principle 
point and the ideal origin for a coordinate system on the image plane should be in the same 


image location. In practice, they locate approximately each to other (Figure 2.1). 


e Fiducial origin 


The fiducial center can be defined through the intersection of the imaginary lines drawn from 
opposite pairs of fiducial marks in the sides or corners of the image plane (cf. Figure 2.1). In 
an ideal camera this point would coincide with the physically important principal point of 
autocollimation. The relationship between the principal point and fiducial center will usually 
remain constant during the photogrammetric processes, but sometimes with the use of non- 
metric cameras and/or zoom lenses when re-focusing has occurred between exposures, the 


interior orientation elements will change. 


Fiducial mark i 
Principle point 
+ 


I I 
nd 
Fiducial center 


Figure (2.1): The geometry of an image plane (source: Fryer, 2001) 
e Radial distortions 


If an image point is displaced radially either closer to or farther from the principal point then 
it has been radially distorted. Based on the Gaussian radial distortion, the relationship 
between the radial distortion and the radial distance can be described (Fig. 2.2). In this case, 
the relation is presented with respect to different image scales (1:40, 1:80 and 1:60). At small 
radial distance values, the radial distortion is approximately small that the distortion curve is 
relative linear. In contrast, an increasing of the radial distance leads to an increasing of the 
radial distortion values. The equation of the radial distortion is expressed by polynomial 


(according to Dôürstel et al., 2003 & Luhmann, 2003, pp. 118-129): 


Are KT + RTE =rn ER En) (2.1) 
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where: X; .… radial distortion parameters 


Tr … radial distance to the principle point 


To .… constant Value; where it has to be selected with respect that a balanced radial 
distortion should be guaranteed. In practice, it can be assumed of ca. 2/3 from 


maximal image radius. 


Thus, the corrections of the coordinates of an image point could be given as following: 


NN (2.2.a) 
AY = y :— (2.2.b) 


where: x’ and y’ .… the coordinates of an image point 


Image Scale 
1:40 
1:80 


1:60 
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Figure (2.2): Gaussian radial distortion at various image scales for a 25 mm lens fitted to a 
Pulnix CCD camera (source: Fryer, 2001) 


e Decentring distortion 


In standard case, the elements in a lens system ideally should be aligned to be collinear to the 
optical axis of the entire lens system. In practice, it is difficult to align these elements strictly 
collinear (Figure 2.3). This defect leads to decentring distortion in the lens system (Dôürstel et 
al., 2003). The decentring distortion components could be described by the expression (Temiz 


& Külür, 2008): 
Axa = (r? +2%x2)P, + 2XyP;, (2.3) 


Aya = 2XÿP, + (r? + 2ÿ?)P, (2.4) 


where: 
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a 


P, and P,: are the coefficients of the decentring distortion 


= x'-xçandy=7y"—y;r° = x? +ÿ2 


Figure (2.3): Misalignment of the lens elements; (a): lenses are centred perfectly, (b): the 


lenses are decentred (source: Fryer, 2001) 


Based on the coefficients of the decentring distortion the -so called- “profile function” can be 


derived as following (Fryer, 2001, pp. 162-164): 
P.=(P?+P2)/2.7r2 (2.5) 


A graphical representation of the mentioned function is shown in the Figure (2.4). It reveals 
that the values of the decentring distortion are smaller than the radial distortions. Unless an 


image scale is large, the decentring distortion will be approximately one or two micrometers. 


Decentring Distortion (um) 


2 3 
Radial Distance (mm) 


Figure (2.4): À Graphical representation of the decentring distortion for Fujinon 25 mm 


lens fitted to a Pulnix CCD camera (source: Fryer, 2001) 
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Consequently, if the interior orientation parameters are known, then the image vector X’ can 


be defined as following (cf. Figure 2.5): 


> Xp — Yo — AX° 
a —Ck 
where: x, ; Yo measured coordinates of the image point p' 


X6,Yo  Coordinates of the principle point H° 
Ax',Ay' correction values 
Ck focal length 


Figure (2.5): Interior orientation parameters (source: Luhmann, 2003) 


Previously mentioned, that the determination of the spatial position of a camera should be 
respected. The camera position is determined based on the exterior orientation parameters. 


More details about exterior orientation parameters will be described in the next chapter. 
2.2. Exterior orientation 
2.2.1. Standard case 


The term “exterior orientation” describes the spatial position of a camera to the object 
coordinate system. It can be defined through six parameters representing the relationship 
between the image coordinates system and the superposed object coordinates system. The 


vertical and perpendicular exposure of an image is known as the standard case; the optical 


Chapter 2: Theory of a camera calibration 21 


axis in this case is Z. The coordinates of the projection center are defined with the vector Xs 


to the object coordinate system XYZ (Figure 2.6). 


Xo=| ÿ, | coordinates of the projection center to the object system XYZ (2.7) 


In the context of the spatial orientation, the perspective center can be described through the 
rotation matrix R which is defined based on the three rotation angles w, @ and x around the 


axes’ coordinates XYZ, respectively. 
RSR RAR 
T1 M2 M3 
R= |P21 T22 T3 (2.8.a) 
T31 132 733 


The parameters r;; are the rotation matrices which can be calculated from the trigonometric 


function of the three rotation angles (Luhmann, 2003, pp. 35-40). 


COS@COSK —COS@SinK sing 
R = |coswsink + SinwSingcoSK  COSWCOSK — Sinwsinpsink —SiNnwcosp (2.8.b) 
SinWSiNK — COSWSINPCOSK  SiNWCOSK + COSWSINPSINK  COSWCOSP 


The rotation angles are given by the expressions: 


{sin = T3, tan © = — 7% and tank = - 2} (2.9) 
133 T11 


Figure (2.6): The exterior orientation parameters (source Luhmann, 2003) 
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2.2.2. Special terrestrial photogrammetry 


In the special case of the classic terrestrial photogrammetry the optic axis is horizontal. In this 
case the rotation angels are: © = 0”, @ = 90° and k = 90° (Fig. 2.7). In order to avoid the 
singularity in the computation process either the rotation sequence must be changed in the 
trigonometric functions of the rotation angles or the image system must be defined through 
the axes x'and z’ instead of x'and y”. The new rotation matrix is given (Luhmann, 2003, pp. 


37-38 & pp. 235-236): 
R = Roux = Ro * Ro * Rx 


COS@COSK + SinpSinwSiNnK  —COSPSINK + SiNPSiNWCOSK  SiNnpCoSw 
COSSIiNK COSWCOSK —Sinw (2.10) 
—Sin@COSK + COSPSINWSINK  SiNnPSiNnK + COSPSINWCOSK  COSPCOSW 


7 
Il 


+ 


+ + 


Test frame 
+ control point 


Figure (2.7): Classic case of terrestrial photogrammetry (source: Luhmann, 2003) 


Consequently, to determine the internal geometric configuration of a camera, a calibration 
process of this camera should be enforced. In this context, the methods used for the 
calibration of close range cameras have developed over the last few decades from those used 
for aerial cameras. According to (Luhmann, 2003, pp. 502-507 & Fryer, 2001, pp. 164-170) 


these methods could be classified as following: 


e Laboratory calibration: this way was used in the foretime to calibrate the metric-cameras. 
The goniometer and collimator were the powerful tools used to estimate the parameters of 


the interior orientation; whereas the direction and the angle of the bundle rays passing 
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through the lens are known. The laboratory calibration takes in the practice no important 


role because the users themselves may not normally use it. 


e Test panel calibration: the test panel includes control points which are known. In order to 
perform a significant calibration of a camera eight photos (or more) taken from different 
directions of the tested panel should be available. The interior and exterior parameters can 
be calculated based on the method of the bundle block adjustment with respect to the 


coordinates of image points, approximate values of the unknowns, measured distances, etc. 


e Analytical plumb-line calibration: the plumb-line technique was validated by (Brown, 
1971). It is based on the assumption that a straight line in the object space will project as a 
straight line in image plane (with respect that the distortions are absent). Non-straight lines 
appearing in the image system are attributed to lens distortions. In the practice, the straight 
lines can be presented with digitized points. These measured points describe the lines and 
their distortion parameters. An empirical example: if 100 points were recorded in each of 
10 horizontal and 10 vertical lines, i.e. on one hand, 2000 items of the data would be 
available to describe those 20 lines and on the other hand they give information about the 


parameters of the camera used. 


e On-the-job calibration: the term on-the-job calibration is used to identify the parameters of 
the lens and the camera calibration in the situ at the same time as the photography for the 
actual measurement of the object. This way is useful if the exposed object is not too large 
and not complex, in addition the control information (e.g. control points) is available in 
each exposure. The test panel used in this method can be made as frame from, for example, 


lightweight aluminium and exposed simultaneously with the object. 


e Self-calibration: the self calibration is an extension of the calibration method “On-fhe-job 
calibration”. The main advantage of this method is that the parameters of the interior 
orientation could be calculated at the same time of the object exposure. In this case the 
discrete targeted marks on the object (test panel) are implemented as input data required 
for the determination of the object points and for the estimation of the camera parameters. 
If the objects measured do not have a special exposure system allowing to self-calibration 
or if there is more-camera-online-system, it would be better to use the est panel or on-the- 


job calibration. 
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2.3. Bundle Block Adjustment (BBA) 


The Bundle Block Adjustment (BBA) - and also called: bundle triangulation, multiple images 
triangulation or multiple images orientation - is an important approach which enables to a 
simultaneous and a mathematical adjustment of photos together. This adjustment should be 
achieved in the images’ space with respect to: the photogrammetric measurements (e.g. 
coordinates of the image points), geodetic observations (like: object point coordinates, 


distances, etc.) and a superordinated coordinates system (Luhmann, 2003, pp. 266). 


Basically, the BBA can be defined as “the process of evaluating coordinates of targets and 
exterior orientation parameters of cameras using the Least Squares Theory (LST) based on the 
collinearity equations” (Cooper & Robson, 2001, pp. 35-38). Development of the principle of 
Least Squares Theory is described in the App. (LST). 


In addition, it had been pointed (Hell, 1979; Wester-Ebbinghaus, 1978; Krauss, 1982 and 
Fuchs, 1984), that the BBA is used for point determination accurately, where it is considered 
as an accurate analytical process (especially in the close range photogrammetry) implemented 


for photogrammetric or mixed geodetic-photogrammetric determination of points. 


The Figure (2.8) shows the principle of BBA, where the coordinates of image points 
(corresponding to measured object points) are the main input data applied in the calculation 
process of the BBA. Information about objects (e.g. coordinates of control points, measured 


distances, angles, etc.) can be also considered as additional input data. 


Measured coordinates Control points Approximate 
of image points Object elements values of unknowns 


Calculation of the Bundle Block Adjustment (BBA) 


improvement of image 3D Object point Interior and exterior 


points coordinates coordinates orientation parameters Statistical analysis 


Figure (2.8): The principle of the bundle block adjustment 


In general, the constraint equations involved in an adjustment problem can be non-linear. 
Particularly, the adjustment method is generally performed with linear functions, since it is 
rather difficult and often impractical to seek a least squares solution of non-linear equations. 


Therefore, a linearization process has to be enforced to get a linear form (Mikhaïl & 
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Ackermann, 1976, pp. 108-110). In the linearization context, approximate values of the 
unknowns should be determined and then applied into the BBA calculation. BBA results are: 
adjusted coordinates of object points, the interior and exterior orientation parameters, and 


finally a statistical process to check the results calculated. 


In the BBA, the determination of approximate values of the unknown parameters (orientation 
parameters, object point coordinates, etc.) is still a main question which could be always 
posed, because - up to now - the algorithms used for an automatic determination of the 


approximate values may not give the solution optimally. 


Within this thesis, an algorithm for the BBA of convergent exposures (namely: Baalbek’s 
photos) will be used. It determines approximate values for non-linear adjustment. In this 
algorithm, calculations of approximate values and the BBA are converted by the same 
mathematical approach and only differ in the choice of free parameters. The algorithm’ called 


“Pictran” (see Chapter 3.2.2) and had been developed by Gründig & Bühler (1985). 


Pictran’s work flow can be structured in two main stages. The first one is the determination of 
approximate values of unknown parameters (Figure 2.9). Input data entered in this step are: 
the coordinates of image points, the approximate orientation of images (provided as additional 
information) and any further geometric information about the object studied. The solution of 
the normal equation will be attained through a linearization process of the non-linear 
functional model applied in the adjustment problem. The solution result is approximate values 


of unknown parameters. 


Second stage is the BBA, which will be achieved using the approximate values calculated in 
the 1° stage. In BBA, the solution of the normal equation is obtained through an iterative 
process. This process will be terminated at a certain threshold applied (so called: convergence 
value”). Through the iterative process of determination of unknown parameters, the amount 
of change between successive iterations is determined and compared to the convergence 
value. If the amount of change between successive iterations is greater than the convergence 
value, the iterative process continues. If that amount is less than critical convergence value, 


the iterative process ends (Figure 2.10). 


© This algorithm has been called in 1985 (BITRI) and nowadays is called Pictran 


2 . . . . . . 
A convergence value determination depends on: observations, approximate values and camera configuration 
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Given observations: 


- principle points Initial values of 


- control points the rotation elements 
- projection center 


- etc. 


Linearization process 


(Taylor's series) 


| 


Normal equation 


Approximate values 
of unknowns for BBA 


Figure (2.9): The determination of the approximate values of the unknown parameters in the 


algorithm “Pictran” (source: Gründig & Bühler, 1985) 


Given observations: 


- image points Approximate values 


- control points (from 1st stage) 
- interior orientation 


- object data 


Linearization process 
(Taylor's series) 


| 


Normal equation | 


Ï lterative process 


Solution of the normal 
equation 


| 


Convergent 


[res 


Acceptance of Statistical 
the solution analysis 


Figure (2.10): The principle of the bundle block adjustment in Pictran using the approximate 


values calculated (source: Gründig & Bübhler, 1985) 
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3. À new approach for relative orientation of non-calibrated historical photos 


3.1. Overview of the orientation process 


The orientation process of Baalbek’s historical images is an important aim of this research in 
order to perform an optimal estimation of parameters of cameras used (interior and exterior 
orientation parameters). This estimation will be enforced based on the method of the bundle 
block adjustment (Chapter 2.3). Baalbek’s historical images, in addition to other data (e.g. 
control points), are the main input data applied into the orientation process. This process was 


carried out through three steps which are depicted in the Figure (3.1: a, b and c). 


Performance of the orientation 


14 vertical aerial photos 6 vertical aerial photos 4 vertical aerial photos 
(block 1) (selected from block 1) (selected from step 2) 


8 oblique photos 3 oblique photos 
(block 2) 6 oblique photos (selected from step 2) 
(selected from block 2) 


3 terrestrial photos 3 terrestrial photos 
(block 3) 
Improvement of the interior and 
exterior orientation parameters 
First estimation of Final adjusted 
orientation parameters orientation parameters 


C 


Figure (3.1: a, b and c): Orientation process of Baalbek’s historical photos. This process was 


achieved based on a stepwise refinement of approximate values of orientation parameters 


In the first orientation step each image type was separately oriented, where fourteen vertical, 
eight oblique and three terrestrial images were imported to the block (1), block (2) and block 
(3), respectively (cf. Figure 3.1, a). Results of this orientation step are rough estimations of 
interior and exterior orientation parameters as well as determination of the radial and 


decentring distortions. 


The Figure (3.1, b) illustrates the image orientation process based on the combination 
between the vertical and oblique photos (Chapter 4), where six vertical images from the 
fourteen images (step1-block 1) were selected depending on image properties (for e.g. low 


image noise). In addition six oblique photos (from the eight images used in the step1-block 2) 
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were implemented. This step has been performed with respect to orientation results obtained 
from the first step of the orientation process. Result of the 2" step is refinement of the rough 


results calculated in the first orientation step. 


Depending on orientation results computed through the first and second orientation steps, the 
third one was carried out (Fig. 3.1, c). The results of the 1* and 2, steps were considered as 
approximate values for the interior and exterior orientation parameters in the last one. The 


results of the last step are the final adjusted orientation parameters. 
3.2. Orientation of Baalbek’s historical vertical aerial images 


Basically, the orientation process started with Baalbek’s vertical photos due to the existing of 
a special reference system on the images; with the assumption that the photos have been taken 
using the same metric camera. This system is presented by fiducial points on the images 
(Chapter 2.1). It leads to a stable model of the oriented images, which may offer good results 
(e.g. measurements of applicable object points). In addition, “the photogrammetric evaluation 
of the vertical photos is more accessible than oblique or terrestrial images, where the Nadir 


distance (or so called: Nadir angle) is smaller than or equals 3°” (Hildebrandt, 1996). 
3.2.1. A primary preparation of vertical photos 
3.2.1.1. Camera’s focal length 


The cameras used in the 1940s (exposure date of Baalbek’s vertical images) could be 


categorized as following (Carlier, 1942): 


e Camera “Gallus G20”: this camera has the picture size 13 X 18 cm anditis fitted with the 
focal length f = 20 cm. It has been produced for stereo-photogrammetry and in this case is 


provided with an automatic magazine of 24 Plates. 


e Poivilliers precision camera with an image size 13 X 18 cm; This camera has been 


developed with focal lengths: f = 20 cm, 15 cm or 12 cm; magazine is for 12 Plates. 


e Aviophote (Richard make): camera of picture size 13 X 18 cm; f = 20 cm or 30 cm; and 


the magazine for 12 Plates. 


e Altiphote (Richard make): 13 X 18 cm for image size and f = 20 cm or 26 cm. 
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e Toporex Krauss (made by Barbier Benard and Turenne): this camera uses film and gives a 


picture with size 18 x 24 cm; f = 30 cm, 50 cm or 70 cm. 


The vertical photos were formed on glass sheets with the size 13 X 18 cm (Chapter 1.4.1). 
Therefore, it could be assumed that the focal length of the camera used for vertical images of 
Baalbek is 200 mm. This value will be used through the calculation of the bundle block 


adjustment as approximate value of the camera focal length. 


3.2.1.2. Image scale determination 


An image scale plays an important role in the orientation process because it impacts mainly 
on the functional model of the adjustment problem posed. In addition, it has direct effect on 


the computation of the flying altitude and image resolution. 


The graphical materials of Baalbek have different image scales (Chapter 1.1). In order to 
determine the vertical image scales, the distances (d,,;) - in the images - between different 
object points were measured’. Depending on 3D coordinates (X; Y; and Z;) of the 
abovementioned object points, distances (D;) associated with can also be calculated (Table 


3.1). Image scale number is given by the ratio: 
Mpq = Di/di (3.1) 


where i = 1,..,n;n the number of object points selected 
q = 1,.….,9; g the number of images used 


di = di *P 
Thus, the image scale can be given (Luhmann, 2003, pp. 105-110): 
Ma = 1/Myq (3.2) 


The Table (3.1) shows that there are different image scales due to the different altitudes of the 
flight. The minimum image scale number is approx. (3141) for the image “scan 1984”. In 
contrast, the maximum one is (4342) for the image “scan 1989”. Through the calculations of 
the bundle block adjustment the mean value of the image scale numbers was applied; which is 


considered in this case (My = 4000). 


! The main tool used to achieve these measurements is the software Adobe Photoshop CS2 
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With respect to the mean image scale number as well as the camera focal length, the flight 


altitude is expressed as following: 
h = Cr° M (3.3) 


Based on the last equation the mean flight altitude is -800 m. 


L'image | Point | X:Gm) | viGm) | Cm) | D: Gm) [du (pixe)| di (cm)| mu | 
4009 9520.162 10035.543 1150.262 
scan 1980 107.887 
9563.068 10134.444 | 1146.110 


1003 9922.737 10629.434 | 1158.164 
scan 1981 171.425 1582.26 
1077 9759.969 10575.893 1163.317 


1077 9759.969 10575.893 1163.317 
scan 1982 163.692 1356.02 
1110 9730.840 10414.949 1156.706 
1110 9730.840 10414.949 1156.706 
scan 1983 106.296 
4020 9814.598 10350.906 | 1170.192 


1882.10 


1003 9922.737 10629.434 | 1158.164 
scan 1984 171.425 
1077 9759.969 10575.893 | 1163.317 


4009 9520.162 10035.543 1150.262 

scan 1985 107.887 
4010 9563.068 10134.444 | 1146.110 
4028 10101.945 | 10645.258 1163.374 

scan 1986 37.758 
4029 10109.009 | 10608.189 1162.079 
4009 9520.162 10035.543 | 1150.262 

scan 1989 107.887 
4010 9563.068 10134.444 | 1146.110 
1116 9699.321 10496.582 1158.154 

scan 1991 99.975 
1077 9759.969 10575.893 1163.317 
1116 9699.321 10496.582 1158.154 

scan 1993 99.975 
1077 9759.969 10575.893 1163.317 
1116 9699.321 10496.582 1158.154 

scan 2025 99.975 
1077 9759.969 10575.893 1163.317 


1116 9699.321 10496.582 | 1158.154 
scan 2026 99.975 1038.47 3.01 
1077 9759.969 10575.893 | 1163.317 


be 
Ur 
NI 


Table (3.1): Image scale numbers determination of Baalbek’s vertical photos 
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3.2.1.3. Scan and ground resolution 


Geometrically, the image resolution describes the ability of a sensor to present set of given 
black and white lines separately, whereas they have the same properties such as: the length, 


the thickness, contrast, etc. (Luhmann, 2003, pp. 135-136). 


The resolution of the vertical aerial photos of Baalbek is ca. 880 dpi which leads to the pixel 


size P, = 0.029 mm (Chapter 1.4.1). The ground resolution R, can be expressed as following: 
R, = P. °Mp (3.4) 


Based on the last equation, the ground resolution associated with Baalbek’s vertical historical 


images is — 12 cm. 
3.2.1.4. Determination of fiducial points 


The fiducial marks are necessary to realize a stable model of the images through the image 
orientation (Chapter 3.2). In our case, Baalbek’s vertical images have fiducial marks but their 
coordinates are unknown. To determine the fiducial point coordinates, it was assumed that the 
fiducial origin (Chapter 2.1) has the coordinates (x, = y, = 0). The fiducial coordinates can 
be computed based on the measurement of the distances between the opposite pairs of fiducial 


points in the sides of each image plane. 


Thus, each image has a special referenced system based on the fiducial marks associated with. 
In practice, through the orientation process of aerial images one referenced image system 
should be applied, which is already known and associated with the camera used. Therefore, it 
is essential in the study case of Baalbek to define a pattern of the fiducial system for all 
vertical images of Baalbek. The coordinates of the intended pattern of the fiducial points are 


presented in the Table (3.2). 


y Cm) 


2 
3 
4 


Table (3.2): The coordinates of the fiducial pattern 
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The image coordinate system (pixel system) was changed into the camera coordinate system 
(ideal system) based on the 2D affine transformation. The six parameters of the 2D affine 
transformation and the Sigma, (estimated standard deviation of the unit weight is presented in 


the App. B). 
3.2.2. Orientation process 


In close range photogrammetry there are different methods used to perform the camera 
calibration and to obtain an optimal image orientation. In this context, there are many types of 
softwares which could be implemented in the photogrammetric applications in order to 
determine the camera parameters (with respect to the bundle block adjustment). À powerful 
algorithm, used in this thesis, is the software “Pictran”. It enables to determine approximate 
values of the unknowns and to achieve the bundle block adjustment (Pictran’s user Guide - 


Technet GmbH, 2000). 
3.2.2.1. Pictran’s basic principle and capabilities 


Pictran is a software package developed by Technet GmbH for photogrammetric analysis. 
Basically, the whole process applying in Pictran is based on the following principle: starting 
from a robust simplified mathematical model working with a stepwise refinement to end at the 
exact, however highly non-linear, mathematically, stochastically and physically correct 


modelling. 


It was selected to achieve the orientation process of Baalbek’s graphical materials due to the 


following reasons: 


e Itis possible to enforce the process of images orientation without approximate values of 
the unknowns; that means a system of coordinates’ model will be created through a relative 


orientation of the photos (this corresponds to the study case of Baalbek). 


e Due to the relative orientation, this software has the advantage, that incorrect images could 
be detected; i.e. errors associated with images can be detected. In other words: it enables to 


eliminate huge failures shown through the orientation process. 


e The program Pictran provides fast operation of the image data due to the special image 
format: BT-format. This fast operation is necessary in this research, because the graphical 


materials of Baalbek have approximately high memory sizes. 
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Pictran consists of the modules: Pictran-D, Pictran-E, Pictran-O and Pictran-B. The 
modules of Pictran D, E and O are used for 3D evaluations of the digital photos, the 
rectification and orthophoto creation, respectively. The module Pictran-B is considered the 
main module including the bundle block adjustment and therefore it is used for the following 


applications: 


e _3D orientation process 
° _3D object features acquisition through the spatial point determination 


e Optimal calibration of analogous or digital photos 


To create a new project in Pictran, a new camera must be defined (through option/camera 
data). It was assumed that the vertical images of Baalbek have been taken from the same 
metric camera (Chapter 1.4.1). In this context, the camera “Baalbek-G1” was considered for 
the aerial vertical photos. In addition, the focal length applied is (c; = 200) mm and the 
coordinates of the principal point x, = y, = 0 were assumed as approximate values (with 


the observation status’). 


The vertical images were scanned and saved in the TIFF-format”. To guarantee fast access to 
image details, Pictran provides a special image format using BT-format which manages image 
data favourably (Pictran’s user Guide - Technet GmbH, 2000). Images are tiled and saved in a 


BT-file to realize a faster access to image parts later. 


In BT-file the image is divided into tiles which have consecutive numbers. The Figure (3.2) 
shows an example of an image divided into 20 tiles (dotted line). The tiles will be saved 
completely, but only the entirely useful parts of the original photo will be respected by further 


evaluations. 


1 The status can have the values 0, 1 or 2; that means: fixed, unknown or observation, respectively 


2 TIFF: Tagged Image File Format 


34 Chapter 3: À new approach for relative orientation of non-calibrated historical photos 


BTF-image 


Figure (3.2): An original image and its BT-format 


On one hand Pictran allows the user to add the control points using the menu “exferior 
orientation”. The control points can be imported and saved in form of a three dimensional 
right-hand coordinate system. Each control point has 2D image coordinates (x' and y’). To 
ensure that each control point used should be participated in the calculation of the bundle 
block adjustment optimally, it will be essential that each one should be shown in two photos 


at the least. 


On the other hand, the creation of a stable model for the bundle triangulation requests the 
collection of tie points between the images. Tie points are points whose ground coordinates 
are not known, but visually recognizable in the overlap area between two or more images. 


The number of tie points requested depends on the overlap area between the images. 


Pictran-B offers two different solution modes for the estimation of the approximate values of 
the unknowns in the bundle block adjustment: Compact Mode and Advanced Mode. Both 
methods use efficient procedures of adjustment calculations (Gauss-algorithm, Hyper-Sparse- 
technique). If one of these modes does not succeed in the calculation, the second method will 
find a solution. The compact mode is the standard Pictran-B mode. This mode is especially 
characterised by its easily and clearly arranged usability. The calculation of approximate 
values for the unknowns of bundle block adjustment equations is processed by a modification 
of the functional model (quasilinear replacement problem). The calculation steps in the 


compact mode are: 
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1. Check of the consistency (Bunkon) 
2. First calculation of approximate values (Bunnae) 
3. Second calculation of approximate values (Bunob) 


4. Bundle adjustment in object space (Bunbil) 


In general, there are no approximate values available for the evaluation of the image blocks. 
The calculation of approximate values by modules Bunnae and Bunob is necessary before the 
strict bundle adjustment Bunbil because they enable to deal with linear form of the functional 
model applied in the adjustment calculation. If there are already approximate values available, 


it can be possible to start directly with the module Bunob or even Bunbil. 


Basically, the reasons to use the advanced mode of Pictran-B can be summarized as following 


(Pictran’s user Guide - Technet GmbH, 2000): 


1. This mode enables to recognize large errors shown associated with the observations and 


control points separately and to eliminate them automatically. 


2. The exterior orientation parameters and new additional 3D points are available in the space 


of the reference model after the pre-calculation by the module Bunbil. 


3. In some particular cases (for example: extreme oblique photographs), it is possible that the 
approximate value calculations fail in the compact mode. The advanced mode guarantees a 
reliable determination of approximate values by combined intersection and resection also 


for problematic cases. 


The advanced mode in Pictran-B includes two main calculation steps. They could be 


classified into Pre-analysis and /n-depth analysis: 
> Pre- analysis: it consists of the following calculation stages: 


. Check of consistency (Bunkon) 

. Check of images linkages (Bunchk) 

. Relative orientation (Bunrel) 

. Fitting scales (Bunmas) 

. Model points in superordinated system (Bunnae) 


. Exterior orientation in superordinated system (Bunbac) 


JO OO 0 OR © NN 


. Bundle adjustment in model space (Bunbil) 
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> In-depth-analysis: 


1. Transformation to object space (Bunhorn) 


2. Bundle adjustment in model space (Bunbil) 
3.2.2.2. Bunnae’s mathematic fundaments and data flow 


The compact mode and the advanced mode of Pictran-B approximately have the same 
calculation sequence. In the study case of Baalbek the standard Pictran-B mode (the compact 
mode) will be used to enforce the orientation process of vertical images of Baalbek. The first 
calculation of approximate values for the unknowns! will be achieved through the module 
Bunnae,; therefore it will be meaningful to describe the mathematic background used in this 
module. To express the mathematic characteristic (the functional model) of the Bunnae, the 
relationship between the image system and object space system should be respected. This 


relationship can be given as following (Luhmann, 2003, pp. 237-238): 
(X — X,) =mp'R:X (3.5) 


where: X'_ : image vector (equation 2.6) 
X0 : the projection center vector (equation 2.7) 
X : the coordinates vector of an object point P 
my : image scale number (one scale number will be applied for each image) 


R _: rotation matrix 


Based on the equation (3.5), Bunnae residual equations for the observations can be derived 


and classified into different types: 


e Type 1: basic equations 


0+ 0, = Ars —%0) + (Ye — Yo) + Az — 20) + Xo — Xp (3.6.2) 
O+vy, = Tax — %0) + 7229» — Yo) + T23(2p — 20) + Yo — Y (3.6.b) 
O+v, = T31(xp — *0) + 73209» — Yo) + T33(2p — 20) + Zo — Zp (3.6.0) 


The abovementioned equations are expressed in a linear form l; + v; = f(£) where: 


* AI unknowns were applied in Bunnae with status (1) - as unknown — in the first iteration. By the further 
iterations they applied as observations (status 2). 
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Tj = My Ni; (Krotation matrices) 
Xp » Yp 3 Zp » Xp; YY and Z, are observations 


X6»Yo»Zo are constant values 


e Type 2: orthogonality creation 


The rotation matrix R can be re-formed through algebraic functions (quaternions). The usage 


of this mathematical form has following advantages: 


- The mathematic processes will be easier with algebraic elements than trigonometric one 
- The singularity case will be avoided 


-_Itrealizes faster access in the bundle block adjustment 


Thus, the quaternions-based rotation matrix is given as following (Albertz & Wiggenhagen, 


2008; Jun et al., 2008): 


de f|=| 2(q192 +093) q96 qi +q3—q3  2(q2q3 — Godi) | (3.74) 


“ b ] gÿ+q?—q?-q$  2(q1q2 —Qod3) 2(q193 + QoQ2) 
R = : 
g hi 2(q193 — Qod2)  2(4243 + God) dé — q? — q3 + q$ 


The new form is bilinear function and valid only if: qê + q? + q3 + q? = 1 


The rotation matrix À is orthogonal ( Rt +R = 1), therefore 21 orthogonality relationships 
could be carried out where only 6 relations are bilinear and independent (see Schwidefsky & 


Ackermann, 1976). The mentioned orthogonality relationships lead to 21 residual equations. 
The following equations present only 3 of 21 residual equations: 
- the inner product of each line resp. column with itself is 1 

O+w, = a? + b+c?—-1 (3.7.b) 
- the inner product of different lines resp. different columns is 0 

O+v, = a-d+b'e+c:f (3.7.0) 
- each element is the same as its sub-determinant 


0O+w:;=e"i-f'h-a (3.7.4) 
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e Type 3: additional distance observations 


Additional measured distances are essential to realize a stable image scale. Those distances 
could be computed between object points or between centers of projection observed. They 


Will lead to distance residual equations, which are given: 


di + Va, = SQT[Xi4a — Xi)? + Miua — 5)? + (Zi4a — Z1)?] (3.8) 


i = 1,..,n; n number of object points observed 


e Type 4: additional observations of the coordinate differences 


ÂX; + Vas — Xi _ X; (3.9.a) 
Ai + ay = Yu = (3.9) 
AZ; + Va, —= Zi = Z; (3.9.0) 


°e Type 5: additional observations of the plane points 


At least three points observed per plane are essential. If the normal vector of the observed 


plane is denoted by the components 4, B and C, the residual equations associated with are: 


0+vx,, = À: Xp3 + B : Yp1 + C* Zp1 + D (3.10.a) 
0+vx,, = À: Xp) + B + Yp2 + CC: Zp2 + D (3.10.b) 
0+vy,. = À: Xp3 + B*+Yp3 + C'°Zp3 + D (3.10.c) 


In addition, the components of the normal vector lead to the following equation: 
O +1, = A?+B?+0C2-1 (3.11) 
°e Type 6: unknowns as observations (perspective centers as observations) 


In this case the coordinates of the perspective center should be available. The equations of the 


residual are expressed: 


0 + Ux5 — X0 — Xo.observed (3.12.a) 
0 + Ur, — Yo — Yo.observed (3.12.b) 
0 + Vs Zo — Zo.observed (3.12.c) 
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e Type 7: constants as observations (control points as observations) 


In the case that the control points are observed and not fixed, they can be taken also into the 


account. The residuals equations resulted are: 


0 + Uxi — Xi — Xi observed (3.13.a) 
0 + Uy; — Yi — Yi observed (3.13.b) 
0 + V7, = Zi — Zi observed (3.13.c) 


e Type 8: rotation matrix as observation 


In comparison between the equations (2.9) and (3.7.a), the relationship between the rotation 


angles can be expressed (with respect to residuals): 


Sin ® + Vo = M3 + Vo = 2(q:1q3 + QoQ2) (3.15.a) 
T 2 — 

tanw+v, = +0, = — 2293 7 oh) (3.15.b) 
T33 Go — di — 42 + q3 
Tr 2, — 

tank+w=—-2+v, = — _1G192 7 Go93)_ (3.15. c) 
T1 Go + di — 42 — q3 


Basically, the equations of the type 1 and type 2 present the prerequisites for the computation 
of the pre-values of the unknowns. In the case study of Baalbek (namely: vertical images), the 
approximate values of interior orientation parameters presented in the type 1 entered through 
the calculations as following: c,; = 200 mm and x, = y, = 0. On the other hand the control 


points were considered fixed values; therefore the equations of the type 7 were neglected. 


The results of the module Bunnae will be used as input data in the module Bunob in the 
compact mode. In addition, in the module Bunnae there is one scale per image i.e., the 
mathematical model applied is robust. To improve this model, a new constraint will be 
respected that one image scale per image point is applied in the module Bunob as well as one 
conditional equation for orthogonality enforcement. This mentioned constraint is considered 
as the main difference between both modules (Bunnae and Bunob) and leads to changes in the 
residual equations of the type 1 and type 2 (these changes will be described in detail in the 


next chapter). 


40 Chapter 3: À new approach for relative orientation of non-calibrated historical photos 


The approximate values of the interior and exterior orientation parameters estimated in 
Bunnae, moreover, unknown object points should be geometrically improved in the module 
Bunob. The improved results (namely: Bunob's results) will be applied into the final module 


Bunbil which presents the main and final calculation of the bundle block adjustment. 
3.2.2.3. Calculation sequence and data flow in Bunbil 


The functional model in the module Bunbil includes the residual equations which could be 


categorized in the following types (with respect that one scale per image point is applied): 
°e Type 1: Basic equations 


Based on the equation (3.5) the coordinates of an image point observed can be computed: 


X'= RTK X;) (3.16) 


Mi 


where m,,; : the image scale number associated with an image point p;; i = 1,...n;n (the 


number of image points determined). Based on the formula (2.8.a), RT is given: 
Tai V21 31 
RT = É T22 . (3.17.a) 
T3 M3 T3 
g6+qi—q3—q3  2(qi1Q2—GQo43)  2(q:1Q3 + God) 
RT=RT =] 2(qiq2 +043)  q6—qi +43 —q3  2(q23 — God) (3.17.b) 
2(q143 — oz)  2(Q243 + God) Q6 — qi — q5 + q3 


with respect to the condition: q$ + q£ + q$ + qi =1 


Consequently, the vector X” is expressed as following: 


Xi — Xo = P1Xp — Ào) + P21(p — Yo) + f31(Zp — Zo) (3.18.a) 
Vpi — Yo = A2CXp — Xo) + P22(Yp — Yo) + F32(Zp — Zo) (3.18.b) 
Zpi — 20 = 3(Xp — Xo) + 23(Yp — Yo) + P33(Zp — Zo) (3.18.c) 


.x —Tuw, = 
where: fiwy = mn =1,...,3 
L 


! 


On one hand, since to that an image is 2D coordinates, the value z,; can be neglected. In 


practice, it can be assumed in the module Bunbil that the value (z,;) is ca. (0,01 - x,;) or 
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(0,01 : y,;). On other hand the lens errors (radial and decentring distortions, displacement of 


the principle point, etc.) have an impact on the determination of image point coordinates. 
Therefore, those coordinates (expressed in the equations 3.18 a, b and c) should be radially 


and decentring corrected. 


- radial distortion 


The radial corrected coordinates of an image point p; (ess Vi) are given: 
Xiaa = Xoi FX Ar? ré) +x; Arf —rf) (3.19.a) 
rad. pi pi 1 0 pi 2 0 -19.a 


Vraa. = Ypi + Ypi* A1? 76) + Yi Ar —56) (3.19.b) 


where: À, and À, are radial distortion parameters 
r … radial distance to the principle point 


To = Const 
- decentring distortion 
Going from that the coordinates of an image point were already radial corrected, the other 
decentring corrected one are expressed: 
Xüec. = Xrad. + 2A5 * Xpi * Yyi + Ae(r? + 2x (3.20.a) 
Yéec. = Yraa. + 246 * Xpi * Ypi + As(r? +2y) (3.20.b) 


where: Asand À, are decentring distortion parameters 


-_ principle point displacement 


The coordinates calculated will be corrected based on the principle point displacement error; 
with respect that the radial and decentring distortions were achieved. Thus the coordinates 


will be denoted: 


! 


D 
Xppa. = Yaec. + Yo (3.21.b) 


Xppd. = Xdec. + X0 (3.21.a) 
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-__affinity and shear errors 


Generally, the shear and affinity errors display the deviation of the image coordinate system 
from the standard case of orthogonality. Therefore, the coordinates to be corrected based on 


the mentioned errors can be calculated: 
Lort= doua das FAR VS. (3.22.a) 
Var. Vin As opus A ps (3.22.b) 
À; and 4,: are scale and shear distortion parameters, respectively. 


Consequently, the residual equations will be: 


Vxpr — 4: 0bs. — Xaff. (3.23.a) 
Vypr — Yp obs. — Yaff. (3.23.b) 
Vpr = Zpobs. — Zi (3.23.c) 


e Type 2-8 (orthogonality creation... etc.) 
The residual equations of types 2-8 in the module Bunbil are the same in the module Bunnae. 
°e Type 9: principle point and principle distance as observations 


The module Bunbil allows applying the principle point and principle distance as observations 


into the computations. The residual equations are given: 


PS = XG cal. — X0 obs. (3.24.a) 
Vys — Yo cat. — Yo obs. (3.24.b) 
Vcr — Ckeal. — Ckobs. (3.24.c) 


To enforce the final calculations of approximate values in the module Bunbil, some control 
parameters (before starting of the adjustment process) should be considered such as: the 
distance between the camera and the recorded object, object expansions, standard deviation of 
observations, etc. These parameters have an important role to achieve a stable process of the 
bundle block adjustment. In this context, the standard deviation of image points coordinates 


(observations) was applied of ca. 0.1 unit of image system. In contrast, the standard deviation 
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of object points (control points measured by tachymeter) entered into the adjustment 


calculation of ca. +10 cm (see Table 3.3). 


Mean camera-to subject distance 800 m 


Object expansion 1500 m 


Standard deviation of image point coordinates | MFV of image points is 0.1 (image unit) 
Standard deviation of object coordinates MEV, = MFEVy, = MEV; = +10 cm 


Table (3.3): Control parameters applied into module Bunbil 


A useful adjustment result can be created by Pictran-B, if the majority of the input data is 
convergent. An important indicator of the correctness of the input data majority is that fhe 
values of redundancy and the sum of the redundancy numbers should be identical (Pictran’s 
user Guide - Technet GmbH, 2000). The determination of the redundancy depends on the 


number of observations, unknowns and constraint conditions. It is given (see App. C): 


Nred. — Nobs. — Nunk. T con. (3.25) 


Nops. — 249 number of observations (image and object points’ coordinates) 
Nynx. = 305 number of unknowns (orientation parameters) 
= 14 number of constraint equations 


Non. 


Based on the equation (3.25) the redundancy will ben,.4 = 258, which equals to the sum of 


the redundancy numbers (see App. C), i.e. the majority of input data is correct. 


3.2.3. Results of orientation process 
3.2.3.1. Interior orientation parameters 


The Table (3.4) shows the adjusted interior orientation parameters of the camera used (in this 


case: Baalbek-G1) and their accuracy (estimated standard deviations M;). 


Camera name X4 obs. (MM) adjusted x} (mm) 


Vo obs. (MM) adjusted y, (mm) 


Cy obs. (MM) adjusted c; (mm) 


Baalbek-G1 0.00000 0.069894 
0.00000 0.049059 
200.000 200.253031 


Table (3.4): Estimated interior orientation parameters - vertical photos (App. C) 
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3.2.3.2. Exterior orientation parameters 


Exterior orientation parameters of the vertical images (namely: coordinates of the perspective 
centers, rotation elements) calculated based on the module Bunbil are the final results refined 


in the bundle adjustment process. 


Results of exterior orientation parameters are expressed in the (Table 3.5). 2D as well as 3D 
views of the projection centers associated with the images applied in the orientation process 


are depicted in the Figure (3.3) and the Figure (3.4), respectively. 


Scan 2033 9620.087 10658.342 1574.306 | -10.99049 | -10.81684 | 23.385370 
Scan 2026 9658.840 10821.765 1766.475 | -11.93183 | -1.092040 | 30.618480 
Scan 1984 9699.413 10684.414 1769.116 | -11.24757 | -5.798905 | 30.526316 
Scan 1993 9859.140 10748.370 1863.944 | -4.181080 | 9.898223 | -70.965947 
Scan 2032 | 10337.054 | 10870.662 1909.953 | -1.664087 | 12.28818 | -69.235504 
Scan 1981 9970.141 10673.541 1940.080 4.425129 | 4.625882 | 131.135824 


Vertical Scan 1986 | 10198.810 | 10754.433 1942.009 | -0.562396 | 9.735222 | -69.011182 
Scan 1991 9837.954 10583.680 1948.053 4.047548 | 8.247321 | -69.417227 


Scan 1980 | 9235.127 | 10206.9756 | 1984.222 | 0.756046 | -12.42311 | -53.007673 
Scan 1985 | 9420.691 | 10322.495 | 2 | 0.498483 | -5.372811 | 147.900302 
Scan 1989 | 9242.084 | 10158.075 | 2026.240 | -5.084343 | -6.723128 | 147.272736 
Scan 2025 | 9791.510 | 10558.579 | 2028774 | 9.571998 | -3.034766 | 148.071746 
Scan 1983 | 9608.955 | 10431.609 | 2037.015 | 4.005227 | -2.657865 | 147.853681 
Scan 1982 | 9743.176 | 10470.342 | 2040.897 | 8.312270 | 0.882125 | 146.711345 


Table (3.5): Exterior orientation parameters - vertical photos 
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Flying stripe 1 
— Flying stripe 2 


Figure (3.3): 2D position of the projection centers associated with the vertical images; where 
it can be accepted that there are two flying lines: flying linel (green) and flying line2 (red), 


moreover, it can be also assumed that the image 2026 was taken during another flying stripe. 


Flying stripe 1 
— Flying stripe 2 


Figure (3.4): 3D view presenting the projection centers associated with the vertical images 
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3.2.4. Parameter quality assessment 


To achieve a significant photogrammetric evaluation of the calculated results, quality 
assessment measurements should be taken into the account. These measures should reveal to 
which extent the orientation results calculated are well and fit to further requirements and 
purposes (e.g. GIS applications, archaeology, etc.). Quality characteristics assessment could 


be realized using the basic quality criterions: accuracy and reliability. 


3.2.4.1. The term “accuracy” 


The accuracy of a quantity reflects how much this quantity is accurately determined, if and 
only if the functional relationships between observations and to be estimated parameters are 
correct and pre-assumptions are applied through adjustment calculations (Niemeier, 2008, pp. 
270-271). The accuracy measurements are described quantitatively by statistical parameters, 


which could be denoted as following: 


e Interior accuracy (MFV): it is defined as the standard deviation of observations before 
the adjustment. This value is specified by the user before the adjustment. If this assumed 
value is not confirmed after the adjustment calculation; that means a balanced stochastical 


model applied into the adjustment process is not guaranteed. 


e Exterior accuracy (M): exterior accuracy measurements are derived based on the cofactor 
matrix of unknowns (Qz+). It represents estimated standard deviations of unknowns after 
the adjustment. These values reveal if those unknowns were determined geometrically well 
or bad. They do not display observation errors and can not be used for assessment before 


all large observation errors shown are eliminated. 
3.2.4.2. The term “reliability” 


The term reliability relates to the controllability of observations applied into the adjustment. It 
depends on the number of observations participated into calculations and on the exposure 
configuration. Reliability criterions can be extracted based on the cofactor matrix of residuals 


Qy Which is given as following (Luhmann, 2003, pp. 64-68 & Niemeier, 2008, pp. 141-142): 


Quv = Qu — A: Q2e AT (3.26) 
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The total redundancy (the degree of freedom in the adjustment) is expressed based on the 


equation (3.26) as following: 
r=n-u=trace(Q,, : W) = Yr; (3.27) 
where r; the observational redundancy numbers (partial redundancies) 


If the equation system has a unique solution, this means r will equal zero. In addition, if the 
observation is fully constrained i.e., r; would equal 1. As explained by (Ghilani & Wolf 2006, 
pp. 414-416) that the observational redundancy numbers provide insight into the geometric 
strength of the adjustment. An adjustment that in general has a low redundancy number will 
have observations that lack sufficient checks to isolate blunders, and thus the chance for 
undetected blunders to exist in the observations is high. In contrast, a high overall redundancy 
number enables a high level of internal checking of the observations and thus there is a lower 


chance of accepting observations that contain large errors. 


The participative part r,, of an observation (l;) to determine an unknown u; in the adjustment 


could be computed based on the observational redundancy numbers (r, = 1 — r;). In addition, 
the relative influence of an observation error on the residuals is defined through a percentage 


(EV;) of observational redundancy numbers r; that means: 


In the case that EV; = O, that could mean: 

- a large mistake associated with the observation (1;) is not detectable 

- this observation can not be controlled by other observations 

- by determination of unknowns this observation will be full participated (r, = 1) 

In contrast, if r; = 1 (EV; = 100%), that means the observation (1;) is full controlled, but it 
doesn’t take any role in determination of unknowns (in this case r, = 0). In adjustment 
calculations it is important that each observation should be well controlled, moreover, it 


should take a role in determination of unknowns in order to balance the reliability and 


efficiency of the calculations. This could be met if EV; values are between 30% to 80%. 
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3.2.4.3. Outlier detection in observations (normalized residual NV) 


An important quality criterion is the normalized residual, which used to detect outliers in 
observations. It is defined through the following formula (Gruber & Joeckel, 2005; Luhmann, 


2006, pp. 64-66): 
NV, = + (3.29) 


where v; : a residual associated with an observation (l;) 


$,,: the standard deviation of a residual (v;) 


Using the appropriate diagonal elements of the matrix Q,., and a priori standard deviation of 
unit weight (in general, it is set 1) the standard deviation of a residual is given (Baarda, 1968; 


Gruber & Joeckel, 2005, pp. 156-157; Ghilani & Wolf, 2006, pp. 416-418; Luhmann, 2006): 


Sy; — So4 Qviv; — &,ÿri (3.30) 
where $,,: the standard deviation of the observation l; 


According to (Baarda, 1968), the normalized residuals follow the standard normal distribution 
N (0, 1). Therefore, normalized residuals could be used to detect outliers associated with 
observations. In this context, if an observation has (NV) larger than a threshold (k), which 


depends on the significance level (æœ), then that observation may have a large error. 


Baarda (1968) had computed rejection criteria for various significant levels as following: 
" fora = 0.001 = 1-ax—=0999 = k = 3.29 


“ fora=0.01 = 1-a—0.99 = k= 2.58 
“ fora=0.05 = 1-a—0.99 = k = 1.96 


However, empirical assumptions are considered to prove if there is an error associated with an 


observation: 


NV; <2.5 & there is no large error visible (with probability 80%) 
2.5 < NV, <40 & there is large error visible 
4.0 < NV; < there is large error very likely (with probability 95%) 


The interpretation of the abovementioned assumptions can be expressed as following: 
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“ when NV, is larger than 4, this means that the corresponding residual is, very likely, four 
times larger than it should be due to the stochastic guide line. In addition, the observation 
associated with is incorrect (with the probability 95%). 

“ when NV, is less than 2.5 that means: with probability 80% there is no large error shown 


related to the tested observation. 
3.2.4.4. Estimated standard deviation of unit weight (global accuracy of the adjustment) 


In general, the bundle adjustment method gives an estimated value of the standard deviation 
of unit weight $, (a posteriori). This value should be sufficiently conformed to the a priori 
standard deviation of unit weight s, (in general, s, is set 1) in order to preserve a stable 
stochastical model. The comparison between $, and s, can be carried out through a statistic 
test (model test). Within this test, the square ratio of £, and s, will be compared with a 


certain value - which depends on a significance level & - as following (Matthias et al., 1983): 


(&) < CH F1-0 (3.31) 


So F 
where: 
F: degree of freedom 
1 — «: confidence interval 


CHI? (F; 1 — a): fractile of the CHL-distribution 


Based on (3.31) it could be: 


“ $, (a posteriori) >» s, (a priori): i.e., that MVF of observations were too small applied! 


" $o (a posteriori)  S, (a priori): i.e., that MVF of observations were too large applied! 


In practice, the plausible interval of $, is [0.7 — 1.3]. If $ is in this interval, it could be 
accepted that bundle adjustment results do not have large errors visible. In this case, also 
expectations of accuracy and reliability are met sufficiently, but it does not issue a guarantee 
for quality of each observation separately. In contrast, if $, is not in the plausible interval, it 


could mean that: 


e The stochastic model (Chapter 2.3.2.3) is incorrect; which means either observations are 
roughly incorrect or their mean errors (MFV) are incorrectly assumed. 


e Roughly incorrect observations, which have large normalized residuals, should be checked. 
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3.2.5. Results check 


In this chapter, the results presented in Chapters (3.2.3.1 & 3.2.3.2) will be interpreted and 


discussed based on qualiy parameters given in the Chapter (3.2.4). 
“ Global quality of the adjustment calculations 


Previously mentioned (Chapter 3.2.4.4) that bundle block adjustment computations give an 
estimated value of the standard deviation of unit weight (a posteriori value). This value should 
be checked (with respect to s, and MFV of observations) to know to what extent the 


adjustment calculations are accepted and if the stochastical model applied is plausible. 


Variances of ($,) based on different values of a priori standard deviation of image points 
(namely: MFV of observations) are shown in the Figure (3.5). An increasing of MFV values 
of image points leads to a decreasing of ($,). This increasing is constrained by the accuracy 
required of output data used for further applications (in this case: up to two pixels; ca. 25 cm 
in the vertical image type). To keep $, in the plausible interval, MEV of image points should 


be between ca. 0.22 to 0.45 (image system unit). 
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Figure (3.5): Variances of $, based on different initial errors of image points (with respect 


that there is no large errors associated with observations) 


Chapter 3: À new approach for relative orientation of non-calibrated historical photos 51 


=  Outliers detection 


In adjustment calculations each observation was well controlled, moreover, it took a role in 
the determination of unknowns, because the observational redundancy numbers r; are in the 
range [0.1 - 0.8]. This means that values of (NV) are certain and therefore, it was possible to 
detect errors shown associated with observations. In this context, the most of values (NV;) are 
smaller than the critic value (see Chapter 3.2.4.3); ï.e. that there is no large error probable 
through the adjustment process (with probability 80%). The Table (3.6) presents maximum 
five values of NV; and their corresponding observations (image points). NV; max is 2.54 


associated with the vertical coordinate of the image point (4019) in the photo “scan -1982”. 


Image ID | Image point ID Coordinate 
scan 1982 4019 
scan 1986 4038 


scan 1989 
scan 1982 
scan 1983 


Table (3.6): Maximum five values of NV; and corresponding image points 


“  Accuracy of camera's parameters 


The estimated standard deviations of camera interior parameters are as following: M, # 
M, & 0.41 mm and M;, = 0.32 mm (Table 3.4). Those values confirm the initial standard 


deviations of camera parameters applied into the calculations (ca. 0.5 mm), which means a 


balanced stochastic model was guaranteed. 


It can be assumed that the vertical images had been taken through different flying stripes (cf. 
Figure 3.3). The first one includes the following images: “1989, 1980, 1985, 1983, 1982, 
2025, 1991, 1981, 1986 and 2032”. In contrast, the images: “2033, 1984 and 1993” had been 
taken through the second one. Finally, it can be also accepted that the image “2026” had been 
taken in another flying line. Based on Z, values of perspective centers calculated (Table 3.5), 
it could be evaluated that there were different flying heights h, of vertical images which 


could be classified as following: 


Phasel: h, = 1765 m, phase2: h, # 1935 m and phase3: h, + 2030 m 
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On one hand these different flying heights are the reason that Baalbek’s vertical images have 
different image scales. On the other hand and concerning the flying plane (namely: image 


plane), the rotation elements w and @ indicate that the plane was approximately horizontal. 


3.3. Orientation of Baalbek’s historical oblique images 
3.3.1. Preliminary requirements 


“" The camera used for Baalbek’s oblique images was a non-metric camera; because there is 
no reference system defined on oblique images (fiducial marks are not complete). The 
camera focal length was considered 260 mm as an approximate value based on 
information noted on borders of the oblique images (Chapter 1.4.1.). In addition, the 


coordinates of the principle point are considered as following: (x6 = y6 = 0). 


“ In an analogue way described in the Chapter (3.2.1.2.), image scale numbers of oblique 
photos are in the range [3082 - 5341] (see App. D). The mean image scale number 
(My = 4000) was applied into the orientation process. 

“" According to the equation (3.3) the mean height (namely: camera - to - the subject 
distance) is ca. 1040 m. 

" Image pixel size P, — 0.042 mm (with respect that the resolution of oblique photos is 600 
dpi, see Table 1.3). This leads to the ground resolution R, — 13 cm to 22 cm (with respect 


to image scale numbers). 
3.3.2. Orientation process and results 


The orientation process was enforced using eight oblique images. Analysis and the 
consistency check of input data were served by the module Bunkon in the compact mode of 
Pictran-B. Output data of Bunkon will be the input file for next analysis in the module 
Bunnae. Primary control parameters applied into orientation process are presented in the 
Table (3.7). In this context, the primary mean error for image point coordinates and object 


points (control points used) are ca. 0.05 image unit, +10 cm, respectively. 


Mean camera-to subject distance 1000 m 


Object expansion 1500 m 


Initial mean error of image points MEV of image points is 0.05 (image unit) 
Standard deviation of object coordinates |MFV,; = MEV, = MEV, = +10 cm 


Table (3.7): Initial control parameters applied into the orientation process 
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Outgoing from initial project parameters, the first and second calculations of approximate 
values for the unknowns have been achieved through the modules Bunnae and Bunob, 
respectively. Based on the results computed in Bunob and on equations included in Bunbil’s 
types (Chapter 3.2.2.3.), the final adjustment calculations have been enforced. They present 


the final results of orientation process which are: 


e Interior orientation parameters 


Interior orientation parameters of the camera assumed - in this case: Oblique Image Camera - 


and the precisions associated with are presented in the Table (3.8). 


à 
Camera name Xo obs. (MM) 


Yo obs. (mm) 


0.00000 0.09653 
0.00000 - 0.35368 
260.000000 259.707205 


Table (3.8): Interior orientation parameters - oblique photos (App. E) 


e Exterior orientation parameters 


The Table (3.9) shows exterior orientation elements of Baalbek’s oblique photos computed 
based on the main module Bunbil. These parameters (namely, coordinates of perspective 


centers) are depicted in 2D and 3D views in the Figure (3.6) and Figure (3.7), respectively. 


9859.237 10114.124 1259.390 | 85.737001 | 18.662419 | 3.936344 

9945.809 10187.433 1270.521 | 77.950359 | 32.064739 | 11.007095 
9913.973 10177.051 1272.780 | 78.784011 | 31.881270 | 10.013510 
10378.696 | 10283.857 1312.589 | 70.189405 | 68.681595 | 26.408128 
9801.124 11048.468 1357.635 | -75.925934 | 14.833811 | 193.813488 
10448.362 | 10784.164 1387.663 | -39.795513 | 72.007589 | 141.144015 
9834.774 9979.556 1406.739 | 72.547493 | 14.479292 | 7.233662 

9931.183 9984.379 1463.139 | 67.526088 | 26.008982 | 12.171635 


Oblique 


Table (3.9): Exterior orientation elements - oblique photos 
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Figure (3.6): 2D position of the perspective centers related to the oblique images 


Figure (3.7): 3D view of the perspective centers related to the oblique images implemented in 


the orientation process 
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Results of interior and exterior orientation parameters expressed in the Tables (3.8 & 3.9) will 


be interpreted in the next chapter depending on quality elements discussed in Chapter (3.2.4). 


3.3.3. Results interpretation 


> Final results computed in the module Bunbil for oblique images block are in general 
accepted, where the estimated standard deviation of the unit weight after the adjustment is in 


the interval [0.7-1.3]. 


The primary MEV of image point coordinates (Table 3.7) led to $,—-1.43. An increasing of 
MEV of image points leads to decreasing of $, (with respect to minimum quantile in the 
confidence interval of $). Variations of $, based on three applied MFVs of image points 


were presented in Figure (3.8). 
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Figure (3.8): $&, variances based on three different values of MFV of image points 


> On one hand to reveal the controllability of observations entered in the adjustment process, 
the observational redundancy numbers should be proved. On the other hand errors associated 


with observations can be also detected by analysis of NV; values. 


However, all observations, which have NV; larger than critical value (2.5), and their partial 
redundancies are depicted in the Figure (3.9). In this context, the vertical coordinate of image 
point (4020) -in the image 20982- has the maximum NV; of ca. (3.7) and EV of ca. (39.5%). It 


means that the there is a large error possible associated with that observation. 
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Figure (3.9): The observations which have NV; values larger than 2.5 and their partial 


redundancies EV% 


> The geometrical determination of unknowns (in this case: elements of the exterior 
orientation) should be checked, because it indicates - geometrically - to what extent the 
unknowns have been estimated (namely: well, relative well or bad). This geometrical 
evaluation of unknowns can be achieved based on the estimated standard deviations of 
unknowns M (Chapter 3.2.3.2). In this context, coordinates of projection centers have M 
values between 18 cm to 30 cm. These values confirmed the MEV of unknowns applied into 
calculations (30 cm). It means that a balanced stochastical model was preserved; in addition, 


exterior orientation parameters were geometrically well determined. 


> Baalbek’s oblique photos can be classified into three groups based on the distance (d) 
between the camera used and the recorded object (in this case, distances are presented by Z5, 


see Table 3.9). These groups are as following: 


e Groupl:d=1265m 
e Group2:d#&1350m 
e Group 3: d = 1430 m 


The above mentioned different distances are the main reason which led to differences in 


image scales of Baalbek’s oblique images. 


Chapter 3: À new approach for relative orientation of non-calibrated historical photos 57 


> The rotation elements w and @ indicate to what extent an image plane is deflected from 


horizontal plane (cf. Fig. 3.10). 


Figure (3.10): An image plane deflection from horizontal based on rotation elements 


Rotation of oblique image planes at the x axis is approximately between 67 gon to 85 gon 
(Table 3.9), which reflects that image planes are relatively vertical. Only two images (20905 
& 20878) had been taken from the opposite direction because their image planes rotated at 
x —-325 gon and -360 gon, respectively. In addition, most of Baalbek’s oblique images have 
rotated at y axis with different rotation angles (@ is between 14 gon to 72 gon). This means 


that the exposure model of the images was not stable. 


3.4. Orientation of historical terrestrial images of Baalbek 


3.4.1. Primary requirements 


Based on the image properties (e.g. low image noise, low contrast), only three terrestrial 
images of Baalbek were selected in order to carry out the orientation process. The photos had 
been taken by Albrecht Meydenbauer in 1900s (Chapter 1.4.3). The camera used was non- 
metric camera (no fiducial marks) and saved under the name “Messbild-camera” in Pictran 
project. The focal length was assumed of 350 mm according to the Meyer’s classification 


(Meyer, 1985) of the cameras produced by Albrecht Meydenbauer (Table 3.10). 
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Objective Focal length | Objective adjustment 


Pantoskop Nr.5 non 


Pantoskop Nr.6 max 14 cm 


Pantoskop Nr.7 max 22 cm 


Table (3.10): The cameras’ types produced by A. Meydenbauer (source: Meyer, 1985) 


Image formats associated with camera types were different (between 12 x 12 cm’ to 40 x 
40 cm?). The mean size of terrestrial images is approximately 12 X 12 cm? and correlates the 
focal length (principle distance) of ca. 35 cm. This value was applied into the bundle block 
adjustment as approximate value of the camera constant. In addition, approximate values of 


the principle point coordinates were considered (x, = y6 = 0). 

Further parameters respected in the orientation process can be expressed as following: 

e The terrestrial image scale is considered of ca. 2500, see App. (F) 

e The mean subject distance to camera used is about 875 m; according to Formula (3.3) 
e Pixel size is —-0.025 mm as well as the ground resolution of images is -10 cm 

e MEV of image points is 0.1 (image unit) 

e MEVz; = MEV, = MFV, = +10 cm (accuracy of object point coordinates) 

° Principle point coordinates are considered in the calculation as fixed values! (App. G) 


3.4.2. Orientation process and results 


The process of bundle block adjustment related to BaalbekK’s terrestrial photos has been 
enforced successfully using the standard mode of Pictran. The computations of the module 
Bunbil give the final results of the bundle block adjustment. These results include mainly the 


estimated orientation parameters of the camera used (results are shown in the Table 3.11). 


! Fixed value has the status 0 in the software Pictran 
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Camera name Messbild-camera 


Yo obs. (MM) Crobs. (mm) x, (mm) Cx (mm) 


Interior parameters 


350.000000 346.629555 


Zo (mn) K (gon) 


Exterior 208323 9945.214 9609.729 1242.932 92.586885 21.070925 6.023199 


parameters 
208325 9595.373 9290.160 1204.338 103.118737 -7.472291 5.023643 


637126 9650.750 9558.398 1230.420 88.816952 1.587573 0.113932 


Table (3.11): Messbild-camera parameters - terrestrial photos 


Illustrations of the estimated spatial positions of the camera used are depicted in 2D as well as 


in 3D views in the Figure (3.11) and the Figure (3.12), respectively. 


Figure (3.11): 2D view of estimated positions of cameras used in Baalbek’s terrestrial photos 
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Figure (3.12): 3D view of perspective centers associated with Baalbek’s terrestrial photos 


3.4.3. Results evaluation 
3.4.3.1. Acceptance of terrestrial image block adjusted 


Based on the estimated standard deviation of the unit weight after the adjustment, it can be 
revealed: to what extent, in general, the adjustment calculations are accepted as well as the 
stochastical model well applied. In this context, $, resulted is — 1.19 (which belongs to the 
plausible interval of $,). This means that a balanced stochastical model before and after the 


adjustment process was plausible. 


3.4.3.2. Observations’ controllability and errors detection (outlier detection) 


In the final effort of calculations (in final computations of approximate values in Bunbil) there 
are only two values shown of NV; larger than the empirical critical value (2.5). The first is the 
horizontal coordinate of the image point (1228) - in the image 637126; see Figure (3.13) - 
which has the maximum NV; of ca. (3.81) as well as EV of ca. (66%). Second one is the x’ of 
the image point (1116), also in the image 637126. This observation has NV; of ca. (2.93) and 
EV of ca. (88%). 
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ENV BEV%X 


66% 


3.81 


637126 1228 x' 


Figure (3.13): Largest (and EV related to) - terrestrial image block 


3.4.3.3. Quality of camera parameters estimated 


The quality assessment of interior and exterior orientation parameters estimated using bundle 


block adjustment computations will be proved as following: 
3.4.3.3.1. Interior camera parameters 


The Table (3.11) shows that the final value adjusted of the camera focal length is 

with the estimated standard deviation (App. G). Geometrically, it 
could be accepted that the focal length was well improved and re-determined. In this context, 
the standard deviation (a posterior) doesn’t exceed the assumed one , which 


means a balanced stochastical model was guaranteed. 
3.4.3.3.2. Exterior camera parameters 


Projection center coordinates were applied as unknowns (status 1) in the first iteration of 
adjustment computations; where the a priori mean error was considered . The quality 


check of the estimated values of center projection coordinates can be described as following 
“ The first iteration of calculation process - step 1 (Figure 3.14.a): 


1. Normalized residuals are greater than (4); this means there are large errors, very likely, 


associated with observations. 
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2. The estimated standard deviation (M, after the adjustment) of the coordinates of the 
center projection is between 3.2 m to 6.18 m. It does not confirm the a priori mean 
error of the unknowns. This means that the stochastical model is not balanced and the 


a priori standard deviation has to be re-adjusted. 
“ The last iteration of the calculations (in this case: after five iterations, see Figure 3.14.b): 


1. NV; values are smaller than (2.5); where the most of observations including large 
errors have been re-checked (e.g. positions of observations were adjusted). In addition, 


each observation has EV lower than 20% was re-controlled (with respect to MFV). 


2. With respect that MFV is +2/+5m (position/height), it could be accepted that the 


stochastical model applied is balanced. 


Coordinates of 4 ’ 
projection center 


Quality parameters - step1 


NV greater than (4) —| large errors shown very likely 


om between 3.2 m to 6.18 m + no balanced stochastic model 


Figure (3.14.a): Quality parameters of projection center coordinates estimated in the 1 


st 


iteration of the calculations 
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Parameters Status Iteration 
Coordinates of 
Rare 2 » 
projection center 


Quality parameters - step 5 


NV smaller than (2.5) à no large errors shown 
om ca. +2.3/+5 m + a balanced stochastic model 


Figure (3.14.b): Quality parameters of projection center coordinates estimated in the final 


iteration of calculations 
3.4.3.3.3. Rotation elements 


Theoretically, an image has a horizontal plane, if w = 0 gon and @ = 0 gon (standard case, 
cf. Figure 3.15, a). In contrast, a vertical plane of an image (a terrestrial image) can be 


achieved starting from horizontal plane, if the image is rotated: 


“ either at x with w = 100 gon, @ = 0 gon and k = 0 gon; (standard case, cf. Fig 3.15, b) 
“ _orat y with @ = 100 gon, w = 0 gon and k = 0 gon; (standard case) 

“ orw- 100 gon, @- 0 gon and + 0 gon (practical case, Fig. 3.15, c) 

Baalbek’s terrestrial images (used in the orientation process) do not present the standard case 


of terrestrial image because they have been rotated with w Æ 100 gon, moreover, @ + 0 gon 


and « # 0 gon (see Table 3.11). 
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a: horizontal image plane w =0 gon, @ = 0 gon and K #0; (standard case) 


b: terrestrial image plane w =100 gon, @ = 0 gon and K =0; (standard case) 


c: approximate terrestrial image plane w +100 gon, @ = 0 gon and K #0 


Figure (3.15: a, b and c): Image plane from horizontal to terrestrial plane 


3.5. Distortion parameters 


It was pointed in (Chapter 2.1), that the aberration of an image point - closer or farther - from 


the principle point of the image is defined as the radial distortion. 


In addition, the alignment of elements of lens system exactly collinear to the optic axis is 
difficult. This will cause the geometric displacement of images, which is known as decentring 


distortion. 


Due to the assumption that this distortion would have a significant impact on the old cameras 
used for historic Baalbek, the estimated distortion parameters (referred to all images types of 


Baalbek) should be discussed to analyse the mentioned impact from geometric point of view. 
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3.5.1. Vertical image type 
e Radial distortion analysis 


With respect to the radial distortion parameters estimated (in this case A; & A, see App. H) 
and based on the formula (2.1), the distortions referred to different image radiuses have been 


computed and presented in the Table (3.12). 


0 0.0000 40 0.0207 80 -0.0061 
5) 0.0041 45 0.0201 85 -0.0110 
10 0.0080 00 0.0185 90 -0.0153 
15 0.0117 29 0.0160 95 -0.0185 
20 0.0149 60 0.0127 100 -0.0201 
25 0.0175 65 0.0086 105 -0.0196 
30 0.0194 70 0.0040 110 -0.0162 
35 0.0205 75 -0.0010 111 -0.0151 


Table (3.12): Distortion values A, related to different image radiuses r (up to maximal 


image radius which is ca. 11.10 cm). 


It is clear that the image point referred to the image radius 40 mm has been maximally 
distorted of ca. 0.021 mm. The comparison between the maximal aberration calculated and 
the absolute value of the minimal one (ca. 0f0.020 mm referred to the image 
radius 100 mm) indicates that both values are approximately identical. This means a balanced 


radial distortion was guaranteed (Brown, 1968; Fryer, 1996). 


e Decentring distortion check 


The decentring distortion values can be discussed through a graphical representation created 
based on the profile-function of the decentring parameters (equation 2.5). The Figure (3.16) 
shows the variations of decentring distortion related to the image radiuses presented in the 
Table (3.12) with respect to the coefficients of the decentring distortion estimated through the 


orientation process (App. H). 
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Those variations are in the range [0 — 0.121] mm; note that the decentring distortion is 
usually an order of magnitude smaller than the radial distortion and rarely exceeds 30 um at 
the edge of the image format. Since decentring distortion is basically a quadratic function, its 


magnitude will only be one-quarter this size in the middle regions of the image (Fryer, 2001). 
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Figure (3.16): Profile function of the decentring distortions related to the camera used for 


Baalbek’s vertical images 


3.5.2. Oblique image type 


e Radial distortion evaluation 


In an analogue manner used for calculation of radial distortions of the vertical image type, the 
other ones referred to the oblique images have been also computed (Table 3.13). Thereby, it 
can be accepted that for e.g. the image point referred to the radius of 30 mm would be 
displaced in the reality (with respect to image scale of this image type) of ca. 1.8 cm. 
Moreover, the corrections related to that image point can be calculated based on equations 


(2.2.a & 2.2.b). 
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Table (3.13): Radial distortions associated with different image radiuses - oblique image type 


e Decentring distortion 


Going from the equation (2.5), the function curves of the decentring distortions (referred to 
different image radiuses) for vertical and oblique image types are depicted in the Figure 
(3.17). In this context, parameters of decentring distortion have been estimated through the 


orientation process carried out based on the bundle block adjustment (App. I). 


Decentring distortion (mm) 


50 60 70 


Image radius (mm) 


Figure (3.17): Function curves of decentring distortions of vertical image type (red line) and 


oblique image type (green line). 
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It is to show that the distortions associated with vertical image type are smaller than the other 
ones referred to oblique images. The image point that has for e.g. the image radius of 80 mm 
is distorted in the vertical image type and oblique one of ca. 0.063 mm and 0.079 mm, 


respectively. 


3.5.3. Terrestrial image type 


In the case of Baalbek’s terrestrial images the lens distortion parameters were not taken into 
the consideration. This is due to the reason that the first effort of the orientation process of 
this image type has not been successfully achieved and a solution of the adjustment problem 
was not carried out. Therefore, the impact of lens errors - in this case - has been neglected in 
order to seek the orientation process with non-strict mathematical model. That means, the 
image point coordinates calculated using the basic equations expressed in the module Bunbil 


of the software Pictran have not been radially and decentring corrected. 
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4. Orientation process based on the combination of historical photos 


Generally, the most cases of standard photogrammetry deal with a specific image type which 
can be for e.g. aerial or terrestrial. In some cases of study - like those dealing with cultural 
heritage assets - the combination between different image types should be taken into the 
account, because it provides more advanced tools and techniques for the data acquisition and 


representing the 3D environment. 


In this chapter, a methodology for image orientation process based on a combination of 
different image types will be proposed. This methodology is considered a contribution to 
suggest a feasible effort of image orientation; with it different types of historical images could 
be oriented. In addition, the probable combinations of image types (e.g. vertical and oblique 
types, vertical and terrestrial types, etc.) will be investigated through the orientation process to 
know by which sequence of image types the orientation parameters will be best geometrically 


estimated. 


To introduce the abovementioned methodology, two strategies will be investigated to orient 
Baalbek’s images based on the combined evaluation of the photos. The first is the orientation 
process based on the combination between the vertical and oblique image types (step2, cf. 
Fig. 3.1, b). The other one depends on the combination between all image types available 


(step3, cf. Fig. 3.1, c). 
4.1. Orientation of Baalbek’s vertical and oblique images 


The orientation process of the vertical and oblique photos together presents the first effort of 
the combined evaluation of Baalbek’s images. Although the two image types have been 
oriented separately (Chapters 3.2 & 3.3), the orientation process will be also achieved based 


on one block including the two image types. Here, however, it will be investigated: 


- How does the orientation process work? 

- _ What about the mathematical model to be applied in the adjustment problem ? 

- To what extent the primary results calculated (for e.g. the interior and exterior orientation 
parameters, Chapter 3.2.3 & Chapter 3.3.2) can be geometrically improved? 

- To which extent the orientation parameters estimated are geometrically accurate with 
respect to the geometric accuracy of control points applied in the calculation process as 
well as to the accuracy requested for further applications in Baalbek (for e.g. restoration 


issues)? 
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Basically, the orientation of the two image types (vertical and oblique images) together will 
be meaningful due to the assumption that the two types have been taken approximately at the 
same period (end of 19305); i.e. it could be accepted that they should include approximately 
same objects (buildings, streets, etc.). This optimizes relatively the object recognition and the 
matching process between the images. In addition, a sufficient input data (e.g. additional 


control points, etc.) applied into the bundle block adjustment method will be available. 


Going from the first orientation step (Figure 3.1, a) the orientation process based on the 
combination between the vertical and oblique photos was carried out using the main mode of 
the software Pictran. With respect to image properties (e.g. low image noise and contrast), six 
vertical images and also six oblique ones have been selected - from the images used in the 


first orientation step - to achieve the intended orientation process (Figure 3.1, b). 


As previously mentioned in the Chapter (1.4.1) and Chapter (1.4.3) the camera used in the 
vertical image type was assumed a metric camera and the other one used in oblique image 
type was non-metric. Camera elements and other parameters (e.g. control parameters) taken 


into account through the orientation process can be summarized as following: 


e Interior orientation parameters: 


On one hand it was here assumed that it would be rather unreliable (from geometrical point 
of view) to seek an orientation process with the first estimation (rough results) of the 
interior orientation parameters for both image types (see Table 3.4 & Table 3.8). On the 
other hand it will be investigated how the functional model applied in the adjustment 


calculations should be formed to obtain a reasonable solution of the adjustment process. 


Therefore, it was suggested to achieve the intended orientation process with non-strict 
mathematical model using the same initial values of interior orientation parameters entered 


in the first orientation step, but as constant values as follow: 


- for vertical image type: xj = yç = 0 and c; = 200 mm (status 0) 


- in oblique photos: xç = y6 = 0 and c; = 260 mm (fixed values) 


e Exterior orientation parameters entered the adjustment calculations as observed values 
(status 2) based on the approximate values calculated in the 1* orientation step (Table 3.5 


and Table 3.9). 


e MFV of image point coordinates is 0.1 unit of image system (before the adjustment). 
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e MFV of object coordinates is + 10 cm for X, Y and Z (before the adjustment). 


Final results of the bundle adjustment are carried out through computations of the module 
Bunbil. These calculations are mainly based on the mathematical equations expressed in the 


type (1) and type (2) included in the module Bunbil (Chapter 3.2.2.3). 


The intended orientation process started directly with the module Bunbil due to that 
approximate values are already available. Basically, final results include adjusted estimations 
of approximate values of orientation parameters (in this case, only exterior orientation 
parameters were geometrically improved, where interior orientation elements were applied as 


fixed values). Adjusted exterior orientation parameters are presented in the Table (4.1). 


Scan 1981 | 9970.199 10673.474 1940.379 4.531503 4.723843 131.313483 


Scan 1980 | 9235.182 10207.200 1984.189 0.826624 |-12.433890 | -53.114241 


Scan 1985 | 9420.748 10323.364 2019.403 0.596787 -5.280830 | 147.724578 


Vertical L'écan 2025 | 9791.513 | 10558.523 | 2029.001 | 9.619294 | -2.874932 | 148.322941 


Scan 1983 | 9608.965 10431.359 2036.922 4.103334 -2.572921 | 147.814799 


Scan 1982 | 9742.978 10470.508 2041.038 8.348914 0.981525 146.765510 


9860.072 10113.644 1258.483 | 85.971887 | 18.761469 3.875808 


9945.856 10187.152 1270.644 | 78.048073 | 32.073423 10.998217 


9913.952 10177.201 1272.770 | 78.870589 | 31.913799 9.947497 


Oblique 


10378.719 10283.770 1312.715 | 70.334748 | 68.725096 26.283109 


10448.289 10784.290 1387.752 | -39.981949 | 72.055536 | 141.304050 


9930.449 9984.950 1462.984 | 67.593067 | 26.020750 11.957479 


Table (4.1): Improved exterior orientation parameters - vertical and oblique images 


The calculated coordinates of perspective centers (presented in the Table 4.1) are depicted 


through 2D and 3D views in the Figure (4.1) and Figure (4.2), respectively. 
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Figure (4.1): 2D view of perspective centers associated with vertical images (cyan color) and 


oblique ones (yellow color) used in the orientation process (temple area is in green line) 


Figure (4.2): Spatial positions of perspective centers associated with vertical and oblique 


images implemented in the orientation process (heights of vertical images are presented in 


cyan color and other ones for oblique photos in yellow) 
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4.2. Results quality 
4.2.1. General acceptance of the adjustment calculations 


Final results have been attained after six iterations (App. J). In general, the adjustment 
calculations associated with the block of vertical and oblique images have been accepted; 
where the estimated standard deviation of the unit weight after the adjustment is ca. 1.15 
which belongs to the plausible interval [0.7-1.3]. It should be noted that the initial MVF of 
image points applied into adjustment calculations was increased to 0.25 pixel to guarantee a 


balanced stochastical model through calculations. 
4.2.2. Outliers (normalized residuals and controllability check) 


On one hand the maximum value of NV; is ca. 3.6 associated with the image point (1208) in 


the vertical image (scan-1983); it can mean that point may have a large error visible. 


On the other hand a relative partial redundancy of an observation (Chapter 3.2.4.2) should be 
respected in order to reveal the role of that observation in determination of unknowns. In this 
context, the relative partial redundancy associated with the maximum value of normalized 
residuals is ca. EV=89%. It means the observation, which has the (NV; max), has been well 


controlled, in addition, it took a role in determination of unknowns with the percentage 11%. 


4.2.3. Quality of exterior orientation parameters 


Most of values of the estimated standard deviation M (a posterior) of projection center 
coordinates are smaller than 1 m. In this case, a posterior standard deviation M does not 
exceed the primary standard deviation assumed i.e., a stochastical model between input and 


output data has been guaranteed. 


Previously mentioned (Chapter 4.1) that the geometrical check of the results calculated in the 
first step of the orientation process is the main motivation respected to achieve the orientation 
process based on combined evaluation of Baalbek’s images. Therefore, it will be meaningful 
if the results calculated in 1* orientation step (in this case: exterior orientation parameters 
presented in the Table 3.5 & Table 3.9) are compared with other one calculated based on the 
combined evaluation of vertical and oblique photos (Table 4.1.). This comparison gives the 


differences between both results calculated (differences are presented in the Table 4.2). 
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Vertical 


Oblique 


Scan 1981 


0.106374 


0.097961 


0.177659 


Scan 1980 


0.070578 


-0.010780 


-0.106568 


Scan 1985 


0.098304 


0.091981 


-0.175724 


Scan 2025 


0.047296 


0.159834 


0.251195 


Scan 1983 


0.098107 


0.084944 


-0.038882 


Scan 1982 


0.036644 
0.234886 


0.099400 
0.099050 


0.054165 
-0.060536 


0.097714 


0.008684 


-0.008878 


0.086578 


0.032529 


-0.066013 


0.145343 


0.043501 


-0.125019 


-0.186436 


0.047947 


0.160035 


0.066979 


0.011768 


-0.214156 


Table (4.2): Differences of exterior orientation parameters calculated in the 1° orientation step 


and the other one estimated based on combined evaluation of images (vertical and oblique) 


The Table (4.2) indicates that differences between exterior orientation parameters computed 
in the 1” orientation step and the other ones based on image combination are not large. This 
reveals that approximate values (for exterior parameters) applied into the adjustment process 
are relatively well assumed (from a geometrical view). In addition, the criterion of minimizing 


input data measurement residuals was sufficiently realized. 


Orientation protocols referred to some selected vertical and oblique images! have been 
created. They include the results of the interior and exterior orientation parameters estimated 
based on the first orientation step (orientation of each image type separately) and the second 


one based on the vertical and oblique images combination (App. K). 


The question that is to pose: how sensitive the results would be, if the interior orientation 
parameters estimated in the first step would have been used in the step? as initial values (as 
observations). In that case, it would be essential - to express the expected impact on results - 
to start from the basic equations (3.16) and the equations presented in the type 9 in the module 
Bunbil (namely, equations: 3.24.a-c). In that case, additional residual equations would be 
available and therefore a strict functional model would be applied in the orientation process. 


This issue will be discussed in the next section. 


* Due to license issues, only two vertical and two oblique images have been chosen. 
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4.3. Orientation process based on combination of Baalbek image types 


On one hand and outgoing from the assumption that the different image types of Baalbek are 
main data sources (especially historical data), a new attempt was enforced to orient all image 
types together to improve the results of the last orientation process described in the Chapter 


(4.1) and to know to which extent these results have a good geometric quality. 


On the other hand it is common, that the generation of 3D models depends on the input data 
available (e.g. 3D spatial data, semantic information, etc.). In geometric context, there is a 
direct impact of geometry on the generation process of a 3D model, i.e., the more geometry 


the more accurate generation of a 3D model. 


Therefore, it is essential to have more details acquired based on Baalbek’s images oriented to 
create a 3D model. This model will support users’ requirements in different sectors such as 
architecture or archaeology. In this context, the main question could be here posed: how can 
we obtain more information about objects to be modelled (like data about Baalbek’s 


historical entities) to generate a best 3D model of Baalbek? 


Basically, there are different techniques used to extract 3D objects (e.g. photogrammetry, 
laser scanning, etc.), but most of these techniques have the problem that there are hidden 
objects which are - in some cases - difficult to detect or recognize. An important solution for 
this challenge is a combination between different techniques supporting the data requested. 
Therefore, in Baalbek’s modelling, hidden objects can be well detected using the combination 
between different image types of Baalbek. This will support good data collections of the 
historic city; where these data sets will relatively enhance the intended 3D modelling of the 


historic Baalbek. 
4.3.1. Orientation flow and results 


The intended effort of orientation process based on combining of Baalbek’s historical image 
types was attained using different images selected from image blocks implemented in last 
orientation stages. In this context, four vertical, three oblique and three terrestrial photos have 


been chosen! (cf. Fig. 3.1, c). 


Computations of bundle block adjustment started - in this step - directly with the module 


Bunbil in the compact mode of software Pictran because there are approximate values of 


“Image selection depends on different parameters like: image appearance, image noise, image contrast, etc. 
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unknowns (orientation parameters). Basically, approximate values applied are the results of 
the estimated orientation parameters calculated through the first orientation step (orientation 
of each image type separately, see Chapter 3) as well as the results computed by orientation 


process based the combined evaluation of vertical and oblique images (Chapter 4.1). 
The initial parameters entered through calculations can be concluded as following: 


e Inthe vertical image type (Table 3.4): 
" Ccy = 200.253031 mm 
" xs = — 0.069894 mm 
" y, = — 0.049059 mm 


e Inthe oblique photos (Table 3.8): 
“ Ccy = 259.707205 mm 
" x, = 0.09653 mm 
" y, = — 0.35368mm 


e Inthe terrestrial photos (Table 3.11): 
" Cy = 346.629555 mm 
= xç = 0.000 
= y, = 0.000 
e MFV of image points coordinates is of 0.10 unit of image system (before the adjustment). 


e MFV of object coordinates is + 10 cm for X, Y and Z (before the adjustment). 


Although the computations in Bunbil (in the first iteration) was successfully achieved (not 
terminated), but the estimated standard deviation of the unit weight after the adjustment was 


not in the plausible interval [0.7-1.3] (it was ca. 2.98). This means: 


- the stochastical model is incorrect (mean error of observations was applied incorrectly), 
- or there are too large errors visible associated with observations, 


- incorrect observations should be controlled based on normalized residuals 


With respect to abovementioned criterions, a priori standard deviation of image points was 
hierarchically increased to 0.8 (unit of image system). This led, in general, to a successful 
orientation process; and calculations of bundle block adjustment were accepted where the 
estimated standard deviation of the unit weight after the adjustment is ca. 0.72 (more detail 
presented in the App. L). Results of this orientation step are the final adjusted estimations of 


interior and exterior orientation parameters (Table 4.3). 
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vertical 


-0.069894 


-0.049059 


200.253031 


0.173740 


0.138436 


200.354646 


Interior 


oblique 


0.096526 


-0.353679 


259.707205 


0.199348 


-0.566046 


260.484178 


parameters 
terrestrial 


1981 


0.000000 


9970.198 


0.000000 


10673.477 


346.629555 


1940.415 


-0.089678 


4.541686 


0.607910 


4.783209 


345.845772 


131.282676 


1985 


9420.803 


10323.351 


2019.296 


0.656547 


-5.259832 


147.771561 


2025 


9791.504 


10558.522 


2029.064 


9.609923 


-2.814618 


148.325941 


Exterior 1983 


9608.958 


10431.354 


2036.93 


4.116163 


-2.510717 


147.788284 


parameters 
20891 


9860.130 


10113.512 


1258.449 


85.809626 


18.740673 


3.819419 


20893 


9945.694 


10186.942 


1270.790 


77.858137 


31.915680 


11.009249 


20892 


9913.893 


10177.268 


1272.665 


78.742428 


31.879360 


10.039255 


208325 


9595.383 


9290.120 


1204.406 


103.139401 


-5.835934 


5.022840 


637126 


9650.565 


9558.459 


1230.297 


88.908909 


3.269174 


0.023612 


208323 


9945.255 


9609.743 


1242.905 


92.523778 


22.599575 


6.174791 


Table (4.3): Final improved estimations of interior and exterior orientation parameters 


calculated based on the combined evaluation of different image types of Baalbek 


Illustrations of spatial positions of perspective centers are presented in 2D view (cf. Figure 


4.3) as well as in 3D view (cf. Figure 4.4). 


Figure (4.3): 2D positions of perspective centers related to Baalbek’s vertical, oblique and 


terrestrial images implemented in the orientation process 
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Figure (4.4): 3D view of perspective centers referred to Baalbek’s vertical (cyan color), 


oblique (yellow color) and terrestrial (orange color) images implemented in the orientation 


process based on combined evaluation of three historical image types 


4.3.2. Results interpretation 


Results presented in the Table (4.3), which are calculated through orientation process based 
on the combined evaluation of Baalbek’s images types, will be interpreted and checked based 


on different criteria as following: 


4.3.2.1. Acceptance of image block calculations 


Previously mentioned (in Chapter 4.3.1), that bundle block adjustment computations were 
accepted due to that ($,) is in the requested range. Variations of ($,) according to different 
values of a priori standard deviation of image points (adjustment observations) are shown in 


the Figure (4.5). 
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Figure (4.5): Variances of ($,) based on different values of the mean error of image points 


(orientation process based on combined evaluation of Baalbek’s images types) 


It is obvious (Fig. 4.5) that an increasing of MFV values of image points leads to a decreasing 
of ($o). This increasing is limited by the accuracy required of output data used for further 
applications (in our case: up to two pixels; ca. 25 cm). A priori standard deviation of image 
points was applied of (0.1 image unit) and led to ($,) of ca. (2.98). In contrast, the mean error 
of image points (1 image unit) led to ($,) of ca. (0.61). The two values of ($,) do not belong 
to the significant range [0.7 - 1.3]. Basically, to keep a balanced stochastical model of the 
adjustment process i.e., to keep $, in the confidence interval, a prior standard deviation of 


image points (observations) should be applied between 0.7 to 0.8 (image system unit). 


4.3.2.2. Controllability and errors associated with observations 


The controllability and observation errors could be checked by normalized residuals analysis. 
According to NV; values (see App. L) only one value is larger than the critical value (4) 
associated with the horizontal coordinate of “image point 1110” in the “terrestrial image 
208323”. The relative partial redundancy associated with the maximum value of normalized 
residuals is EV=88%. It can mean that the observation (image point 1110) has been well 
controlled as well as its ratio for determination of unknowns is 12%. In contrast, most of 


observations have NV; values smaller than the threshold 2.5 (which means no large errors 
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visible). In addition, their partial redundancies are from 60% to 80%; which means most of 


observations have been well controlled. 


4.3.2.3. Quality of interior orientation parameters estimated 


By comparison of MFV and M of interior orientation parameters estimated based on the 
combined evaluation of Baalbek’s images types (Table 4.4), it could be accepted that the 
stochastical model applied into adjustment calculation is balanced, where the MFV values of 
interior orientation parameters were confirmed after the bundle block adjustment by M values. 
This means a balanced stochastical model was guaranteed and well applied in the calculation 
process. In this context, values of the estimated standard deviation of the cameras” interior 
parameters do not exceed the assumed one i.e. those parameters have been well determined 


geometrically. 


The query may be here noted that the MFV entered the calculations with a relative large value 
(especially for the camera used for the terrestrial type MFV,, = 3 mm). The reason is that the 
images used are very old; therefore it was supposed to give - only in this case - more freedom 
of MFV values (but this freedom is limited with the geometric accuracy of the output data 


requested for further applications). 


vertical 


oblique 


terrestrial 


Table (4.4): A posterior standard deviations (M) of interior orientation parameters estimated 
based on the combined evaluation of Baalbek’s image types; with respect to a priori mean 


error (MFV) of these parameters applied into computations 
4.3.2.4. Quality of exterior orientation parameters 


Exterior orientation parameters presented in the Table (4.3) will be evaluated in analogue way 
implemented to check exterior orientation parameters calculated based on the combining 


between the two image types: vertical and oblique (Chapter 4.2.3). 
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The estimated standard deviation M (after the adjustment) of coordinates of projection centers 
is approximately between +0.5 m to +0.7 m. This means that the space position of cameras 


used has an error visible bounded to +0.7 m. 


À comparison between last results (in this case only exterior orientation parameters are 
respected, Table 4.3) and other ones (namely: results of the 1° step given in Tables 3.5, 3.9 
and 3.11 and results of the 2" step presented in the Table 4.1) gives differences arisen 
between the results computed. These recorded differences are presented in the Tables (4.5) 


and (4.6). 


Vertical 


Oblique 


Terrestrial 


0.116557 


0.157327 


0.146852 


0.158064 


0.112979 


-0.128741 


0.037925 


0.220148 


0.254195 


0.110936 
0.072625 


0.147148 
0.078254 


-0.065397 
-0.116925 


-0.092222 


-0.149059 


0.002154 


208325 


-0.041583 
0.020664 


-0.00191 
1.636357 


0.025745 
-0.000803 


637126 


0.091957 


1.681601 


-0.09032 


208323 


-0.063107 


1.52865 


0.151592 


Table (4.5): Differences between exterior orientation parameters computed based on 


combined evaluation of three image types (Table 4.3) and other ones calculated based on 


implementation of each image type separately (Tables 3.5, 3.9 and 3.11) 


Vertical 


Oblique 


0.010183 


0.059366 


-0.030807 


0.059760 


0.020998 


0.046983 


-0.009371 


0.060314 


0.003000 


0.012829 
-0.162261 


0.062204 
-0.020796 


-0.026515 
-0.056389 


-0.189936 


-0.157743 


0.011032 


-0.128161 


-0.034439 


0.091758 


Table (4.6): Differences between exterior orientation parameters computed based on 


combined evaluation of three image types (Table 4.3) and other ones calculated in the 2" 


orientation step (presented in the Table 4.1) 
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Most of the differences presented in the Tables (4.5) and (4.6) are not large with respect to the 
required absolute accuracy for the generation of a 3D model. This reveals that approximate 
values applied into the bundle block adjustment process are geometrically good assumed. 
Moreover, the principle of minimizing input data measurement residuals was sufficiently 
attained. The comparison between the differences referred to vertical and oblique images 
(Table 4.5) and the other ones (for the same images) given in the Table (4.6) indicates that the 
last ones are smaller; which means that the inclusion of the terrestrial image type in the 3" 
orientation step improved the geometric accuracy of estimated parameters with respect to the 


combination of just vertical and oblique image types carried out in the 2" orientation step. 


In addition, the achievable accuracy of orientation parameters as well as the precision of 3D 
applicable object point coordinates (accuracy of position and height) allow to use extracted 
3D object points to generate a 3D model of Baalbek in different Levels of Detail (LODSs) 
(Grôger et al., 2008). 


4.4. Additional check issues of results 


There are still issues - related to quality of orientation process results achieved based on 
combination of different image types - that request to be investigated sufficiently such: the 
check of lens system distortions and sequences of image combination applied in the achieved 


orientation process. 
e Lens system distortion: 


Starting from the assumption that a reasonable photogrammetric methodology dealing with 
combination of different historical image types would be an important product of this thesis, 
therefore, the achievement of an orientation process with non-high strict mathematical model 
applied in the adjustment problem is preferable (at least in the study case of Baalbek due to 


poor image properties). 


Consequently, in the orientation steps based on the combined evaluation of Baalbek’s image 
types the impact of lens distortions has not been taken into account. This leads, however, to a 
reduction of the strictness degree associated with the functional model applied in calculations, 
although this will directly affect on the geometric accuracy of main observations (image point 
coordinates). In contrast, it is important to mention that the distortion impact had been 
respected in the 1° orientation step. This means that image points had been radially and 


decentring corrected and, thus, their impact on the geometric accuracy of the 1° step results 
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(which were applied as initial values in the 2" and 3 orientation steps) was taken in the 


consideration. 


e Sequences of image combination 


With respect to the available historical images of Baalbek, there are four possibilities of image 
type combination to achieve the orientation process: (vertical-oblique), (vertical-terrestrial), 


(oblique-terrestrial) and (vertical-oblique-terrestrial). 


In this research, the orientation process based on the combined image evaluation started with 
the vertical-oblique images (step2). This is mainly due to difficulties (e.g. high image noise 
led to an inaccurate determination of object and tie points in images) arisen in the flow of the 
orientation process referred to the terrestrial image type (in the 1* orientation step). In 
addition, it has been pointed (Chapter 4.1) that both types (vertical and oblique) have been 
taken approximately in the same period (1930s), which could mean that they include 
approximately same objects (like: buildings, streets). This could optimize the object 
recognition and the matching process between the images and may be a feasible support for 


calculations of the bundle block adjustment. 


Therefore, it was firstly avoided to carry out the orientation process based on a combination 
including the terrestrial image type in order to get reliable results. Once, the orientation 
process based on the first combination (vertical-oblique) has been successfully attained, it was 
directly assumed to consider the oriented block based on the mentioned combination as a 
basic start for Baalbek’s terrestrial image type and then the possibility to achieve the 3" step 


of the orientation process. 


Consequently, it could be accepted that the sequence of image combination: “vertical-oblique 
then all image types: vertical-oblique-terrestrial” was a reasonable suggestion to orient 
Baalbek’s historical photos (with respect to results achieved). It is important to note that other 
combination sequences (for e.g. vertical-terrestrial, oblique-terrestrial, etc.) could be achieved 
and discussed, but this is still limited that new data about the terrestrial images should be 


provided. 


Finally, image orientation protocols related to selected images of historic Baalbek are 
presented in the App. (K). These protocols include a comparison between results of the 
interior and exterior orientation parameters estimated based on the last orientation step 


(combination of all image types) and other ones calculated in the 1* and 2" orientation steps. 
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5. Orientation of Baalbek”’s vertical images using LPS 


Baalbek’s vertical images are considered an important source of data describing Baalbek’s 
historical status in the 1930s because these photos include many objects (e.g. buildings, part 
of buildings, streets, etc.) which had been today changed, renovated or even destroyed. 
Furthermore, these images support a basic data (e.g. geometric and semantic information) 
which could be used for a generation of 3D model of Baalbek. Therefore, the oriented model 
of these images should be controlled as possible to guarantee a best orientation results as well 


as an optimal 3D features acquisition (with respect to the geometrical point of view). 


Thus, in this chapter, an effort for image orientation process will be achieved to reveal to what 
extent the estimated orientation elements (Chapter 4) are geometrically well determined and 
to what extent they are accurate and correlate the control points applied! This process will be 
also achieved based on the bundle block adjustment method using approximate values of 
orientation parameters (estimated orientation parameters associated with the vertical image 


type of Baalbek, see Chapters 3.2 & 4.1). 


Furthermore, another mathematical model can be applied into the orientation process. This 
model is based on a system of mathematical equations developed - among other things - for 
the study cases dealing with aerial photogrammetry and generation of orthophotos. In those 
cases: the optic axis is Z, the image plane is approximately horizontal and the viewing 


direction is approximately vertical. 


The main tool used to enforce the mentioned orientation process is the software LPS! (Leica 
Photogrammetry Suite); more detail about this process, LPS and its mathematical model will 


be expressed in next section. 


5.1. Leica Photogrammetry Suite (LPS) 


Leica Photogrammetry Suite is defined as a collection of integrated software tools which offer 
different photogrammetric processes for geospatial imaging applications. The main primary 
component of LPS is LPS-Project Manager which reduces the cost and time associated with 
different photogrammetric processes when collecting geographic information. LPS was 
selected to achieve the intended aim of this work stage because LPS-Project Manager 


addresses issues and problems related to (LPS user’s Guide, 2008): 


! Copy right 2008 ERDAS, Inc. 
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e Collecting Ground Control Points (GCPSs) in field or office. 

e Measuring GCPSs and tie points on multiple mages; which guarantees a stable model 
through calculations in the bundle block adjustment. 

e Performing quality control in order to verify the overall accuracy of final product. This is 
essential to verify, in general, the acceptance of images block calculations. 

e [ntegrating data from different techniques e.g. airborne Global Position System (GPS) and 
other photogrammetric sources; through this integration further works will be available for 
e.g. if new measurements based on GPS in Baalbek’s space are available, new input data 
can be applied in the orientation process. 

e Capability to use photos scanned from desktop-scanners; this fits Baalbek’s historical 
vertical images which are particularly photos scanned. 

e Extracting of a Digital Terrain Model DTM automatically from images (which is necessary 
to generate orthophotos of Baalbek). 


e Finally, this software was especially developed to deal with vertical aerial images. 


In LPS-Manager and its triangulation process the self-calibration is respected because it is 
considered the most common approach used to reduce the influences of the systematic errors 
related to image process system (Konecny, 1994 & Wang, 1990). In this context, the internal 
geometry of each image and the relationships between overlap areas of images will be 
determined. When multiple images are involved in a data block, such as a modelling method 


can significantly ease the need of acquiring GCPs. 


Tie points are common points whose ground coordinates are not known, but they are visually 
recognizable in the overlap area between two or more images. They connect the images in the 
same block to each other and they are necessary input data for the triangulation process. LPS- 


Project Manager automates the identification and measurement of tie points. 


The triangulation process is establishing of a mathematical relationship between the images 
contained in a project, the camera or sensor model, and the ground. In this context, it is 
necessary to form a functional model which presents the mathematical relationship between 
observations and unknowns associated with the adjustment problem. Basically, in the block of 
triangulation process, a functional model can be formed based on the collinearity equations 


(Luhmann, 2003, pp. 238): 
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it A Xo) + 21 — Vo) + ra: CZ — 20) 
M3 * (X — Xo) + 23 * ( — Yo) + 733 * (Z — Zo) 


Xp = Xj +2’ + Ax' (5.1) 


y! = Me A RER RES" 220) + Ay' (5.2) 
à : 3° (À — Xo) + 723  — Yo) + 733 * (Z — Zo) | 


where: ke 1Ÿÿ measured coordinates of the image point p' 
Xo » Yo coordinates of the principle point H° 
Ax', Ay' correction values 
Ck focal length 


Xo,YoandZ,: coordinates of the projection center 


X,Y andZ: object point coordinates 


The residuals, which should be minimized, can be expressed through a linear form using the 
equation (2.26, App. LST). These residuals (corrections) will be added to the initial 
estimations of unknowns through iterative calculation process which will be terminated until 
the corrections to the unknown parameters are less than a user-specified threshold 
(convergence value). Information resulting from triangulation process (e.g. estimations of 
interior and exterior orientation parameters, etc.) is regarded as input data for a rectification 


process of images (orthophotos), 3D features extraction, etc. 


The bundle adjustment in LPS-Project Manager provides three main functions: 


e The ability to determine the position and orientation of each image in a project as they 
existed at the time of image exposure. The resulting parameters are referred to as exterior 


orientation parameters. 


e Determination of ground coordinates of any tie points measured on the overlapping areas 
of multiple images. The precise ground point determination of tie points is useful for 


generating GCPs from images in lieu of ground surveying techniques. 


e The good ability to distribute and minimize the errors associated with the images, GCPs 
and image measurements. The bundle block adjustment processes information from an 
entire block of images in one simultaneous solution (that is, a bundle) using statistical 


techniques to automatically identify, distribute and remove errors visible. 
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5.2. Orientation of Baalbek’s vertical images using LPS - process flow and results 


Basically, there are different types of geometric models included in LPS-Project Manager 
(e.g. frame camera, digital camera, etc., Fig. 5.1). À geometric model selection is necessary to 
define the camera applied and it depends on the type of the camera associated with the images 
that to be oriented. Due to that the vertical images of Baalbek have been taken with a metric 
camera (see the Chapter 1.4.1) the geometric model was considered “Frame Camera” which 


corresponds to the camera referred to those images. 


”| ModelSetup 


Geometric Model Category: 
- 
: Cancel | 
Geometric Model: 


Frame Camera Help | 


Digital Camera 
|ideo Camera (Yideography] 
Non-Metric Camera 


Figure (5.1): Geometric models classification, the frame camera model was selected 


according to the type of the camera used in the vertical images of Baalbek 


Pyramid layers computation! of the images used in the orientation process (in this case, seven 
vertical images were implemented) is an important step in this process. On one hand pyramid 
layers are computed to optimize an image display and on the other hand to perform an optimal 


automatic tie point collection. Initial information about fiducial points, interior” and exterior 


: Pyramid layers generated by LPS Project Manager are based on a binominal interpolation algorithm and 
Gaussian filter. Using this filter, image contents are preserved and computation times are reduced (LPS - 
User’s Guide, 2008). 


? In this step, interior camera parameters were applied as fixed values. 
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camera parameters is imported based on the orientation results calculated using the compact 


mode of the software Pictran (Chapter 3.2.3). 


During the triangulation process, control points are implemented to establish a mathematical 
relationship between the camera, images and 3D ground surface. In addition, a generation of 
tie points between overlapping images should be taken into the account because this process 
will guarantee a stable model of adjustment calculations. LPS-Project Manager performs this 


process automatically. 


The required number of tie points collected depends on the amount of the overlap between the 
images. In Baalbek’s project, the number of tie points per images was typed (10). Tie points 
recorded should be controlled to validate and ensure the requested accuracy. If a tie point is 
not determined correctly, it should be adjusted. An overview showing the vertical images 


used, control points and tie points is depicted in the Figure (5.2). 


AN Control point 


CL] Tie point 


Figure (5.2): Alignment of vertical images used in LPS-based orientation process 
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LPS-Project Manager provides two error or blunder checking models which identify and 
remove errors from the photogrammetric network of observations. The input observations 
including the measured image coordinates are analyzed to determine the erroneous input data 


contributing to overall instability of output aerial triangulation results. 


The first model of error check is “Time Saving Robust Checking”’ which uses a robust 
iteration with selective weight functions to detect large errors in the input observations (in this 
model, the individual redundancy of each observation is not computed). The second one is 
“Advanced robust checking”. It uses a robust iteration solution with selective weight functions 
based on the redundancy of each observation. In addition, the weight functions used in this 
check meet the requirements of a rigorous robust estimation function (LPS user’s Guide, 


2008, pp. 329-330). 


Basically, the model of “Advanced robust checking” was applied into LPS-based triangulation 
process of Baalbek vertical aerial images. With this model the weight of each observation is 
predicted for the next iteration of processing. The new weight is computed based on weight 
functions with respect to observation residuals. During successive iterations, the weight for a 
bad observation decreases until it approaches zero. At this point, observations containing 


gross errors can be detected. 

Once the triangulation process has been achieved, a report will be available including all 
triangulation results which can be summarized as following: 

“ Final interior and exterior orientation parameters of each image (Table 5.1). 

" _3D coordinates of tie points and their accuracy. 

" Adjusted GCPs coordinates. 

" [Image coordinates residuals. 


“" Total RMSE (Root Mean Square Error) of the solution: it presents the standard deviation 
of unit weight after the adjustment. It is an indicator of the global quality of the attained 
solution. This value is based mainly on the photo coordinate residuals and the ground 


coordinate residuals. 
“" RMSE of the GCPs in the object system (GCPSs accuracy). 


“" RMSE of GCPs photo coordinates. 
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can Cm) | on Gnm) | cu Cmm) | 4 Gmm |»: 6m | cx6mm) 


LPS 


vertical |-0.0690 -0.0490 200.0000 | -0.0690 200.0000 

Xo (M) Yo (m) Zo (m) & (gon) K (gon) 
1981 | 9970.1732 | 10673.4904 | 1940.0917 | 4.208667 | 5.071778 | 131.130556 
1982 | 9743.2099 | 10470.4121 | 2040.6187 | 8.257222 | 0.523667 | 146.688333 
1985 | 9420.7017 | 10322.5015 | 2019.1659 | 0.941667 | -5.183667 | 147.571000 
1986 10198.7218 | 10754.3967 | 1941.1403 -0.587000 9.754778 -68.217000 
1989 | 92420868 | 10158.0734 | 2026.2253 | -5.132667 | -6.839222 | 147.004667 
2025 | 97915418 | 10558.6648 | 2029.0143 | 9.938222 | -2.928778 | 147.611444 
2032 | 10337.0624 | 10870.6683 | 1910.0828 | -1.051000 | 12.508667 | -67.681889 


Table (5.1): Results of LPS-based orientation process referred to vertical images (in this case: 


interior orientation parameters applied as fixed values, OS: Orientation Step). It should be 


mentioned that coordinates of projection center (Z,) related to the images: “1981” and 


“1982” have been controlled with respect to other ones (for the same images) estimated based 


on the standard mode of Pictran-B. 


Adjusted positions of projection centers of each image in the oriented block are depicted in 


2D view (cf. Figure 5.3) and in 3D view (cf. Figure 5.4). 


Flying stripe 


Figure (5.3): 2D view of perspective centers associated with Baalbek’s images selected 


Chapter 5: Orientation of Baalbek’s vertical images using LPS 91 


Flying stripe 


Figure (5.4): 3D view showing spatial positions of perspective centers associated with 


Baalbek’s vertical images oriented based on LPS 
5.3. Results check 
e Calculations convergence 


It is known that the way of the bundle block adjustment is an iterative process in order to 
improve approximate values applied. This process will be terminated at a threshold applied 


(convergence value, Chapter 2.3). 


When the calculations of a bundle block adjustment are not convergent, that means there are 
large errors visible as well as an insufficient redundancy of measurements associated with an 


unknown or more one. 


In this context, the calculations block related to the vertical images of Baalbek is convergent 
with respect that the critical value applied into the calculations is (0.005) m (see system 


control, App. M). 
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e Total RMSE of the block solution 


The standard deviation of the unit weight of the last iteration related to the calculations of the 
bundle block adjustment is considered the most important control of the results. It indicates 


the global quality of that iteration. 


It depends on the residuals of the image point coordinates and the ground coordinate 
residuals. Generally, a smaller value of estimated standard deviation of the unit weight 


indicates that the residuals of observations have been minimized. 


The triangulation summary shows that the standard deviation in the last iteration is ca. 0.43 
(see block system control, App. M) i.e., that the adjustment calculations are accepted and the 


criteria of minimizing input measurement residuals is attained. 
e _RMSE of GCPSs in object system 


RMSE of GCPs in object system reflects the amount of change between the original GCPs 
coordinates and newly estimated one computed using the estimated unknown parameters 


through the adjustment process. 


In this context, RMSE values of GCPSs coordinates X, Y and Z are in the range [0.7 — 1.2]m 
(for some points located closely of image borders, RMSE of Z coordinates reached 1.6 m). It 
could be accepted that newly GCPs computed using estimated unknown parameters (exterior 
orientation elements) conform to the original GCPSs applied into calculations with respect to 
the poor geometric properties of vertical images, and the geometric accuracy requested for the 
generation of a 3D city model (namely: the absolute accuracy needed for generation of a 3D 
model concerning standards of CityGML City Geography Markup Language, Grôger et al. 
2008). 


e Results comparison 


À comparison between last results of orientation parameters (in this case: just the exterior 
parameters estimated based on LPS of some selected images; where the interior parameters 
entered the orientation process as fixed values) and the other ones calculated using the 
compact mode of Pictran-B is given in the Table (5.2). It could be accepted that both results 
conform each other relatively (with respect to the geometric accuracy). Differences between 


both results may have resulted from: 
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- _Involving of different data sets in one system (e.g. new observations) 
- Different levels of accuracy 


- Different stochastical model was applied in LPS 


Aw (gon) Ag (gon) 


0.443184 0.189144 -0.329302 


-0.024604 0.019556 0.794182 


-0.048324 -0.116094 -0.268069 


0.366224 0.105988 -0.460302 


0.613087 0.220487 1.553615 


0.344880 0.097163 -0.153578 


0.318928 -0.053846 -0.711497 


0.285120 0.076165 -0.200561 


0.328299 -0.114160 -0.714497 


Table (5.2): Differences between parameters of exterior orientation (referred to selected 
images) estimated based on LPS and other ones calculated using the compact mode of 


Pictran-B, where OS: Orientation Step 


Consequently, Baalbek’s vertical images (also oblique and terrestrial photos) have been 
sufficiently oriented. Therefore, further work stages such: creation of orthophotos, data 


extraction, etc. can be started. These steps will be described in detail in next chapter. 
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6. Spatial data acquisition 


As previously mentioned (Chapter 1.2), that the documentation of the historic Baalbek (from 
1900s to 19405) is an important objective of this thesis. For this purpose, historical oriented 
photos of Baalbek will be implemented, where 3D object points could be measured to 


reconstruct 3D objects. 


Due to that there are different image types of historic Baalbek, one can pose the following 
question: by which combination between different oriented images of Baalbek an optimal 
process of 3D object reconstruction could be achieved? In addition, to what extent the 


geodetic and geometric accuracy of applicable 3D object points is ? 


In this chapter, 3D object reconstruction process (3D data acquisition) based on Baalbek’s 
historical photos oriented using Pictran and LPS will be investigated and discussed to answer 
the abovementioned question. In addition, a classification of 3D applicable points acquired 
will be suggested; where it could be determined in which photo/photos an object point is 
shown as well as from which photo that point could be optimal recorded. This classification is 
essential for further applications and activities in Baalbek’s space (e.g. a creation of a 3D city 


model concerning the standards of City Geography Markup Language). 
The reconstruction process of 3D object points consists of the following stages: 


“ Creation of Baalbek’s orthophotos based on the oriented historical images. In this step it is 


necessary to create a Digital Terrain Model (DTM) of the studied area. 
" Generation of the region mosaic. 


" Spatial data acquisition: although 3D data extraction can be carried out directly based on 
an oriented model of images (an object point can be determined using at least two oriented 
images including that point), but in this research the process of 3D data acquisition referred 
to Baalbek’s images is achieved separately for planimetry and height, due to the different 
accuracies that are obtained during photogrammetric 3D point measurements for the XY 


and Z coordinates. 


However, the output of this work stage presents the geometrical reconstruction process of the 


studied area of Baalbek as well as the 3D feature extraction of Baalbek’s historical entities. 
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6.1. Creation of Digital Terrain Model of Baalbek 


In general, there is some confusion about the two terms: Digital Terrain Model (DTM) and 
Digital Elevation Model (DEM). DTM and DEM describe the continuum of a surface as an 
infinite amount of three dimensional points (X, Y and Z) in a space. The measured values of 
the XYZ-triple (using different measurement techniques) are mostly irregular spaced. These 
irregular spaced points are normally converted in a regular spaced grid (square grid, same 
spacing in X- and Ÿ- directions) by using different interpolations techniques (for e.g. Kriging 
technique). One XYZ-triple in the DTM/DEM is therefore representing an area of the square 
of the grid spacing of the grid; thus called grid cell. 


À DEM can be defined as a digital representation of a surface. This digital representation is 
based on digital stored XYZ-triples of that surface. It is meaningful to mention which surface 
is meant by using a DEM (e.g. DEM of the vegetation surface, DEM of the ground water 
surface, etc.). In the case that a DEM refers to the earth surface (namely, digital stored XYZ- 
triples of the earth surface), it will be called DTM; that means a DTM is a special case of a 


DEM (Kôthe, 04/2000). 


Particularly, height differences on the ground lead to radial distortions in usages of digital 
images. An effective approach used to reduce (or even to eliminate) these distortions is a 
linking between digital images used and a DTM associated with. This linkage is considered 
an important step in order to generate orthophotos (rectified images). In this context, a DTM 
joints each image point (in the image to be rectified) with a special position in a new image (a 
raster rectified image which called orthophoto) related to. In addition, it enables to integrate 


Z-values for image points through interpolation process. 


Consequently, Baalbek’s DTM has to be generated definitively in order to create orthophotos 
of Baalbek. À generation of such model is possible by using different techniques. In this 
project, two approaches were implemented. The first one is using of Baalbek’s historical 
images oriented (in this case Baalbek’s vertical images). Due to poor properties of these 
images (Chapter 1.1) it was difficult to generate a DTM of Baalbek with high quality. 
Therefore, the DTM generated based on Baalbek’s images was not applied in further 
applications (like: image rectification, 3D modelling). The other approach used to create 


Baalbek’s DTM is based on topographical maps covering the whole studied area of Baalbek. 
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However, two topographical maps of Baalbek are available which were obtained from the 
institute of Francais du Proche Orient (IFPO) in Damascus (Chapter 1.4.4). Both maps have 
been scanned with scan-resolution of 300 dpi. Properties of Baalbek’s maps implemented can 


be summarized as following: 


e Emission date is in the year 1962 

e The maps cover the whole area of Baalbek 

e Maps’ scale is 1:20 000 

e Ground resolution is ca. of 1.7 m (with respect to pixel size) 

e Ellipsoid used is Clark 1880 

e Both maps have been created with the stereographic projection 
e Contour lines interval is 10 m 

e Longitude line is 38° 


e Latitude line is 40°50° 


A new map! covering only the area included in the vertical images of Baalbek was derived 
based on the abovementioned topographic maps. The derived map has been georeferenced 
onto the local coordinate system of Baalbek associated with vertical images in order to 


enforce the transformation between the new map and the images. 


The intended transformation has been attained using GCPs. In this context, the required 
number n of GCPSs requested depends on the order of this transformation. This number is 
given as following (Leica Geosystems, 2005, pp. 154-156): 


Ce _ 


where t: the order of the transformation 


If the required number of GCPs is not satisfied, it will not be possible to resample the input 
data (namely: Baalbek’s new map); this means the georeference process will not be executed. 
In the resample process, the interpolation method “Nearest Neighbour” has been applied 
where it preserves original gray values associated with the input data used (see: resample- 
parameter, App. N). The resampled map has the output cell size of ca. 0.98 m (more details 


expressed in the report of resample-parameters, App. N). 


© The new map is indicated with the name submap_baalbek 
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Going out from the georeferenced map, the digitization process of contour lines included in 
Baalbek’s new map can be carried out. The interval of digitized contour lines was preserved 
of10m. Height values associated with digitized contour lines are between 1080 m 
to 1450 m. Using digitized contour lines the surfacing process generating Baalbek’s DTM 


has been successfully executed. 


Surface interpolation calculates Z values at spatial locations where no Z samples exist in the 
input data source. The output is a continuous raster image that contains Z values calculated 
from the interpolation method. The surface tool (in Erdas Imagine) uses a TIN (Triangulated 
Irregular Network) interpolation methods. However, two TIN interpolation methods are 
available: Linear and Nonlinear. The Linear interpolation method results in the TIN triangles 
being defined as angular planes. The Nonlinear one results in a smooth surface. For Baalbek’s 
DTM generated, the TIN Linear interpolation method was used. Properties of Baalbek’s DTM 


created can be summarized through following points: 


e Output file name: dgm_karte_lokal 

e Cell size for X and Y is9m 

e Coordinates of the upper left point: X = 76505.35 m and Y = 12298.39 m 
e Coordinates of the lower right point: X = 12534.97 m and Y = 8313.97 m 


A section of Baalbek’s DTM (raster image) and contour lines digitized are shown in the 


Figure (6.1). In addition, a 3D overview of Baalbek’s DTM including the studied area of 


Baalbek and the mountain Abdullah in Baalbek are depicted in the Figure (6.2). 


1080-1130 1130-1180 1180-1230 1230-1280 1280-1330 1330-1380 1380-1450 


Figure (6.1): A section of Baalbek’s DTM created based on topographical maps 
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Abdullah mountain 


Figures (6.2): À 3D overview of Baalbek’s DTM including the studied area of Baalbek 
(dotted circle) and the mountain Abdullah 


6.2. Baalbek’s DTM quality 


“The grid cell size is the most common criterion concerning the quality of a DTM. An 
increasing of the grid cell size associated with a DTM leads to a decreasing of the DTM 
resolution that means an increasing of the generalization of the real surface. The DTM 
precision, with respect to the grid cell size and its altitude, depends on the slope gradient of 
the real surface and the size of the terrain unit. The DTM will be accurately created, if the real 
surface is steep and the terrain units are small. Units smaller than the grid cell size will not be 


visible in the DTM because they just merge through the grid” (Kôthe, 04/2000). 


The ground resolution of input data (e.g. map/image) takes an important role in calculations 
of a DTM grid cell size. With respect to the assumption that a grid cell size computation 
based on a 1 pixel to 10 pixels in the DTM to be created, i.e. the ground resolution of 1 meter 
leads to cell size for the DTM intended of 10 meters. Thus, the ground resolution of Baalbek’s 
map (ca. 1.7 m) leads to an appropriate critic cell size 17 m (in the DTM). In the context of a 
decrease of the generalization of the real surface the cell size of Baalbek’s DTM should not 
exceed the mentioned critical cell size. However, Baalbek’s DTM cell size resulted is 9 m; 
which means that the generalization of the real surface throughout the model was relatively 


decreased. 
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6.3. Orthophotos generation 
6.3.1. Definition 


An orthophoto is an image transformed geometrically. This transformation converts the 
original photo, which is in general distorted, into an orthogonal projection. The orthogonal 
projection of an image enables displaying object surfaces (e.g. building roofs) included in that 


image in an orthogonal view. 


The aforementioned transformation process is called “image rectification”. Depending on the 
height differences of object points included in an image, a rectification process of that image 
can be either planar or differential. Through the first one the whole image (or a selected 
sector from the image) will be converted into the reference system using the parameters of the 
projective transformation. It means each image point will be transformed with the same 
coefficients into the rectified photo. Unlike by the other one (non-plane rectification) each 
image point will be converted into the orthophoto with respect to its coordinates X, Y and Z 


(Luhmann, 2003, pp. 314-320). 


Due to that height differences related to object points lead to radial distortions in images (see 
Chapter 6.1), an image rectification type could be specified based on the radial distortions 
associated with the image to be rectified. In this context, the relation between the height 
difference Ah - associated with the object points P; and P (see Figure 6.3) - and image radial 


distortion Ar’ can be given as following (Wiedemann, 2004): 
Ah = %.Ar (6.2) 


where: 


Ar = Ar'-:my (m,: image scale number) 
! 


r': image radius 


ck: camera focal length 


100 Chapter 6: Spatial data acquisition 


Projection center 


Image 


Figure (6.3): An illustration of the relation between the height difference Ah of the points P:, 


P> and the radial distortion Ar'associated with 


In the case that the maximum image radius ,,,4 is respected, it means the maximum height 
difference Ah, Should be taken into the account. Therefore, the formula (6.2) can be re- 
formed as following: 


Afmax = E * Anax (6.3) 


Tmax 


Going from the assumption that: 


" the maximal distortion Ar,,, of an image point - in an orthophoto - is not allowed to 
exceed 0.05 mm; this leads to Ar = 20 cm, 
" Baalbek’s vertical images size is ca. 18 X 13 cm (Chapter 1.4.1); i.e. the maximum image 


radius is ca. 11.10 cm, 


thus, the critical height difference can be calculated by a substitution of mentioned values in 


the formula (6.3) with respect that camera constant applied is 200 mm: 


0.200 


Consequently, if height difference of Baalbek object points (namely the control points) is 
larger than Ah, that means the planar image rectification can not be applied. Basically, the 


height difference between the maximum and minimum Z-values of Baalbek object points 
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measured is ca. 0f 61.60 m; therefore, the differential rectification process of Baalbek’s 


vertical images has to be enforced. 
6.3.2. Mathematical principle of differential rectification 


The differential rectification of an image is a creation of a new image (orthophoto) based on 
the original image and its points individually (in this case: a Digital Surface Model DSM, a 
DEM or a DTM is required, Chapter 6.1). The transformation between original and new 
image is achieved with respect to the orthogonal projection. It means each object included in 


the original image should be presented based on a perpendicular view in the other one. 


The mathematical process, which has to be respected in order to carry out the differential 


rectification of an image, could be described as following (Luhmann, 2003, pp. 317-319): 


e Determination of the rectangular area of the object to be converted. In this context, the low 
left point (X1,Y.) and the upper right point (X:, Y,) of the interested area - local object 


coordinate system - should be taken into the account (Figure 6.4). 


e An image rectification needs a scale number m, of the orthophoto intended as well as a 
determination of an interval between rectified image points. This interval is defined as a 


density of image points resulted and described by two components Ax,. and Ay,. 


Orthophoto 
Xr 


Figure (6.4): Principle of an orthophoto creation (source: Luhmann, 2003) 
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e Generation of a raster image associated with object coordinate system. In this raster image, 
the whole object area will be projected with respect to the raster image size. Particularly, 


the cell size of the raster image is given: 


AX = m,:Ax, (6.4.a) 
AY = m,:Ay, (6.4.b) 


e Integration of Z; - value for each point (X;, Y;) of the abovementioned raster image. Height 
values will be calculated based on a DEM associated with; in this case an interpolation 


process should be performed. 


e In the original image (non - rectified), image point coordinates (x;, y;) corresponding to 
the object point (X;, Y;,Z;) can be computed based on the equation (3.16) with respect that 


the camera parameters (the interior and exterior parameters) are known. They are given as 


following: 
Xi = F(Xo, Yo Zo Xo Cr ©, D, K, x”, X 3, Vi, Zi) (6.5.a) 
Yi = Fo Yo Zos Yo Cr ©, P,K, AY”, Xi, Yi, Zi) (6.5.b) 


e A New gray value related to the image point (x;, y;) will be calculated. In this context, an 
interpolation method should be taken into the consideration. In Baalbek’s orthophotos 
creation the method “Bilinear Interpolation” was used because it gives a well qualitative 
rectification of an image (Luhmann, 2003, pp. 397-398). By this method the requested gray 
value of a pixel is computed depending on its four nearest neighbours (Figure 6.5). Thus, 
based on the gray values g1, g2, g3 and 94 the new one (g”) can be expressed as following 
(Pum, 2003 & Luhmann, 2003, pp. 397-398): 


g' = ga + dx : (g2 — 81) + dy : (83 — g1) + dx : dy : (84 — g2 — 83 + ga) (6.6) 


e The resulted gray value will be saved in the position (x, y.); - in the orthophoto - which 


corresponds to the other one, namely the position (x;, y;), in the original image. 
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Figure (6.5): Principle of the method “Bilinear Interpolation” used in the rectification process 


of Baalbek”’s photos 


Appearance of black areas resulted in orthophotos indicate that some object parts are hidden 
in original images but included in DEM/DTM. In contrast, objects included in original images 
and not presented in DEM/DTM will be displaced and distorted in orthophotos. To overcome 
this challenge multiple images related to the same area studied should be implemented. In this 


way, different sights of objects can be available which enable to detect hidden objects. 
6.3.3. Baalbek’s orthophotos 


Baalbek data acquired based on intended orthophotos is considered an important data base 
required for a geometric reconstruction of the historic Baalbek. Although that the object 
reconstruction using a single rectified image - in some cases - is possible, but it is restricted to 
the geometric data which should be already available and associated with the object to be 
reconstructed (Kraus, 2003). In this context, a creation of multiple orthophotos can solve this 
problem because an existing of multiple rectified images supports more data (e.g. geometric 
data) requested for the object reconstruction. Therefore, multiple orthophotos of the historic 


Baalbek should be generated, which enable to perform a best reconstruction of this city. 


With respect that interior and exterior orientation parameters of Baalbek’s vertical images are 
known (Chapter 3.2.3 & 5.2), seven orthophotos of Baalbek have been generated'. These 
images cover the whole studied area of Baalbek and have the cell size of ca. 0.13 m for 
coordinates X and YŸ (see: orthophoto-parameters, App. O). Two vertical images of Baalbek 


and their orthophotos are depicted in the Figure (6.6). 


! The main tool used is LPS Project-Manager 
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ES 


a: Image 1981 


d: Orthophoto 2025 


Figure (6.6): An illustration of two original vertical images of Baalbek and the orthophotos 


associated with; (a: image 1981, b: orthophoto 1981, c: image 2025 and d: orthophoto 2025) 


6.4. Quality of Baalbek’s orthophotos 


According to (Kraus, 2003), the quality of the differential rectification could be discussed 


based on the following aspects: 


e Input data (e.g. image resolution, accuracy of control points applied, etc.). 
e Image distortion (radial and decentring distortion parameters). 
e The approximation of the surface curvature in the DTM grid. 


e Interior and exterior orientation parameters, etc. 
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Particularly, an important criterion concerning the orthophoto quality is the position error Ar 


in the orthophoto (Figure 6.7), which is given based on the position error AR in the reality as 


following: 
1 1 AZ 
DRE Re ————_——_—— (6.7) 
mo mo a + tana : cosB 
where: 


Mo...image scale number (in our case, it was applied 4000) 
CL... camera focal length (-200 mm) 


r … the distance in orthophoto between the both footprints for object point P; and nadir point 


a … the angle of terrain slope 
B … the horizontal angle between the line of largest slope of the optic axis passing through P; 
AZ...height error; which is defined as a treble of the precision related to contour lines. It 


could be expressed as following: 
AZ = 3(0.00015h) (6.8) 


Variances of the position error Ar based on different image radiuses were calculated; with 
respect that the flying height h = 800 m (Chapter 3.2.1.2), the terrain curvature is tan «& = 
10% as well as f = 50 gon. The maximum position error Arax is Ca. of (0.041) mm, 


which leads to the maximum displacement - in the reality - of ca. 17 cm (see Table 6.1). 


0.097 0.024 


0.106 0.026 
0.114 0.029 
0.123 0.031 


0.132 0.033 
0.140 0.035 
0.149 0.037 
0.157 0.039 
95 (max) 0.165 (max) 0.041 (max) 


Table (6.1): Variances of position error Ar in orthophotos based on different image radiuses 


(with respect to the image size) 


0 
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Image plane 


Terrain surface model 


D planel«— 


Orthophoto plane 
: RSR 


Contour line 


Figure (6.7): Illustration of the position error Ar - in the orthophoto - of an object point P with 
respect to different parameters; for e.g. the terrain model slope, camera focal length, image 


scale number, etc. (source: Kraus, 2003) 
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6.5. Region mosaic creation 


The term mosaic can be defined as “the montage process of multiple rectified images (multi- 
orthophotos) in order to merge them in uniform image” (Wiedemann, 2004). In this context; 
the geometric and radiometric adjustments of orthophotos have to be taken into the account 


because they have an impact on the merge process. 


The main challenge arising through a generation of the mentioned uniform image (mosaic) of 
Baalbek’s region is the creation of cut lines between the orthophotos used. In general, the 
performance of cut lines depends on the overlapping between the rectified images. Non-planar 
objects in orthophotos as well as the image noise lead to challenges through the overlapping 
between the historical images (e.g. objects matching and recognition will not be an easy task, 
etc.). À digitizing approach (semi-automatic) has been enforced to define cut lines - as 
possible - in an optimal way. An illustration of adjusted cut lines is shown in the Fig. (6.8). In 
addition, radiometric failures such as: noise, contrast, brightness, etc. were adjusted using the 
histogram matching approach. The principle of this approach is to define an image as a muster 
which is used to adjust gray values associated with other orthophotos used to generate the 
mosaic intended. In this context, gray values matching of Baalbek’s orthophotos has been 


achieved with respect that the (orthophoto - 1985) was applied as a muster image. 


Consequently, the seven orthophotos of Baalbek (Chapter 6.3.3) have been merged together 
and a uniform raster image has been generated successfully (Figure 6.9). Baalbek mosaic 


created will be considered a main source to extract 2D geometry of the historical Baalbek. 


Image 3 
L 


+ 


Figure (6.8): A section of three cut lines created between 3 orthophotos of Baalbek 
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Figure (6.9): Baalbek mosaic created based on the seven orthophotos which covers the whole 


area of interest; main temples of Baalbek: Jupiter, Bacchus and Venus are included 


6.6. Extraction of spatial data 
6.6.1. Extraction of 2D objects 


Baalbek’s orthophotos are considered the main planimetrical source to extract 2D coordinates 
of requested objects. Basically, the recognition of objects included in Baalbek’s orthophotos 
was the main challenge through the feature acquisition process due to the high noise and 
contrast of Baalbek’s images. Therefore, it was difficult to use a full-automatic process for 


recognition and detection of objects shown in Baalbek’s mosaic. 


In addition, the rectification of an image is partly geometrically inaccurate and/or incomplete 
(for e.g. buildings or part of buildings are distorted from their true position as they are not 
modelled in the DTM used). To avoid this problem, it is possible to generate a true orthophoto 


by using Digital Surface Model (DSM) and considering occluded areas. In this context, it is 
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difficult to generate true orthophotos of historic Baalbek, because it is difficult to have a DSM 
describing the entities included in Baalbek’s historical images; where most of these entities 


had been nowadays destroyed. Therefore, only orthophotos have been generated. 


Most of the objects included in Baalbek’s orthophotos are buildings; therefore it will be more 
accessible to extract the buildings (also some streets, routes) through polygon or multiple 
polygons consisting - in this case - at least from four vertices (cf. Figure 6.10). Extracted 
polygons have been saved as vector data which can be directly used for further applications 
without conversion into other data-formats. In this context, each vector layer has different 
attributes such as: area and perimeter of a polygon. Non-building objects (e.g. trees, 


vegetation, etc.) have been acquired as discrete points. 


Figure (6.10): 2D building data extracted as polygons (red lines); due to the noise and contrast 


of Baalbek’s images different buildings or parts of buildings were aggregated together 
6.6.2. Integration of height values 


For each 2D extracted point there is a height value (Z) associated with which is given as a 
function of the 2D position. Since 2D extracted objects are polygons, it was assumed that 
each polygon will have the average height value calculated based on height values of polygon 


vertices: 
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z, = 2x (6.9) 


where: 

Z;: average height 

Zr: height values referred to polygon vertices 

i=1,2...m (m: number of created polygons), k = 1,2 .,n (n: number of polygon vertices) 


The calculation of height values of polygon vertices is carried out using two strategies. The 
first is the method of stereo analysis which enables to obtain the height values using Digital 
Stereo Model based on different pairs of oriented vertical images. The second one is based on 


the oriented model of Baalbek’s historical oblique and terrestrial photos. 
6.6.2.1. Height values determination based on stereo analysis 


3D stereo view can be created using at least two overlapping oriented aerial images. In 
general case, the two images (namely, the two cameras used) are not perpendicular to the 
stereo basis line. The principle of stereo analysis is based on the correlation of homologous 
(corresponding) points shown in both left and right images. Stereo analysis method allows for 
the rotation and scaling of overlapping images for a best creation of Digital Stereo Model 


which is a useful tool for many applications (e.g. land use, land cover, GIS, etc.). 


Once the oriented the Digital Stereo Model has been created, the calculation process of height 


value of an object point can be expressed as following (Luhmann, 2003, pp. 320-326): 
e with respect to left image: 
Z = Lift = Zoteft + Mb * (Z° — Zoiert (6.10.a) 
where: 
Zotet : the height value of projection center of left image 
Z'iert: Z-Coordinate of an image point in object system (left image) 


e in an analogue way for the right image: 
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Z = ZLrignt = Zo right + Mp : (7° = Zo)rignt (6.10.b) 


Zorignt : the height value of projection center of right image 


Z'rignt : Z-Coordinate of an image point in object system (right image) 


Based on Baalbek’s Digital Stereo Model! and on the equations” (6.10.a) or (6.10.b) the 
height values of polygons’ vertices can be determined. An illustration of Baalbek’s Digital 


Stereo Model and a polygon generated based on four vertices is shown in the Figure (6.11). 


ke 1 002-mg 707 5-2mg) Measurement Too 


Fouure Raster Map 


SW27D %: 


Main view; in it most of tasks are achieved Right image 


Figure (6.11): Baalbek’s Digital Stereo Model including a polygon created in the main view 


(yellow line) based on the four vertices (V1, V2, Va and v4). Both left and right views show the 
vertex V, whose height was in the calculation process. The main tool used, in this step, to 
create the Digital Stereo Model of Baalbek is “Stereo Analyst - Erdas Imagine, Leica 


Geosystems, 2005”. 


! Basically, 3D coordinates of object points can be calculated using Digital Stereo Model 
? Both equations are derived based on the collinearity equations 
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Due to the poor properties of Baalbek’s images it was difficult to determine exactly a point 
position in the selected image pair. This led approximately to a point displacement which 
affects the determination of height values where each height value is given as a function of 


the 2D point position (Chapter 6.6.2). 
6.6.2.2. Height determination using oriented oblique and terrestrial images 


The main principle in this step is also creation of a stereo model based on Baalbek’s oriented 
oblique and terrestrial photos. The Figure (6.12) shows the geometry of stereo model based on 
a pair of images which are - in this case - oblique or terrestrial. The Epipolar plane (PO'0") 


intersects the planes of the left and right images at the Epipolar lines E’ and E”, respectively. 


With respect that the given location of the object point P at the left image is P’, the 
homologue of P at the right one is P”’ which will lie along the Epipolar line E”. “Any search 
procedure to locate P"”’ as a probable match of P” can be confined to the Epipolar line E’”; in 
practice, due to none of values used to derive the line equation is exact, the search takes place 


along a narrow band centred on this line” (Cooper & Robson, 2001). 


Starting from the coordinates of the image points P’ and P’” and depending on the equations 


(6.10.a) and (6.10.b), the related height value can be determined. 


Left image Right image 


Figure (6.12): À geometry of stereo model based on two images (left and right images), which 


includes Epipolar lines as well as Epipolar Plane 
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Basically, height values calculated using the abovementioned strategies are absolute values 
because they are determined according to the local coordinates system of Baalbek. In this 
context, these values do not give for e.g. the real height value of a building or wall, etc., 


therefore it is essential to identify the heights relatively to other landmarks (e.g. the ground). 


To explain this identification, let for e.g. two object points (P, and P,) of a wall be regarded, 
which have the absolute heights H;, and H,, respectively (Figure 6.13). However, the real 
height of the wall determined by both points is given by height difference: 


Ah = H, -H, (6.11) 


Figure (6.13): A view of the wall of Hexagonal court in Baalbek’s sanctuaries; the wall height 


is determined based on the points P;and P; 


114 Chapter 6: Spatial data acquisition 


6.7. Classification of applicable 3D object points 


3D geometric object reconstruction depends mainly on 3D applicable points associated with. 
This means the more quality (spatial accuracy) of 3D applicable points the more optimal 
performance of 3D object reconstruction. Therefore, 3D object points - applied into the object 
reconstruction process - should be verified and then classified according to certain quality 


characteristics in order to know to which extent they are accurate! 


In that context, 3D applicable object points extracted based on Baalbek’s historical images 
will be classified according to their spatial accuracy in order to know in which photo an object 
point could be best recorded. This classification enables to create a best process of 3D object 


reconstruction. 
The classification of 3D extracted object points consists of the following steps: 


°_In which photo or photos an interested object point is shown? 


This step reveals in which image/images the interested point is shown where the more images 
including that point lead to more possibilities to observe and measure this point. In addition, 
existing of different image types of Baalbek (vertical, oblique and terrestrial) including this 
point enables also to more accessibility in the observation and measurement of object points. 
This embodies, however, the process of 3D object reconstruction based on the combination of 
different image types. Probable possibilities of existing of an object point in Baalbek’s 


historical image types are presented in the Figure (6.14). 


pp | | 


V: vertical image type 
O: oblique image type 


T: terrestrial image type 


j: image ID 
hr | Pi is shown 
[ | Piisnotshown 


Figure (6.14): Probable possibilities of an object point’s existing in Baalbek’s historical 
images. Based on the image types there are 12 possibilities, e.g. in the 1” one: the point P; is 


only shown in the vertical image type (in all cases image ID should be respected) 
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e General Estimated Standard Deviation (GESD): 


Let be regarded that an object point P;, has the coordinates (X;, Y;,Z;) as well as the estimated 
standard deviations referred to those coordinates are S;., Sy; and $,;, respectively. These 


standard deviations can be determined based on the cofactormatrix of adjusted observations 


(Chapter 2.3.4). The term (GESD) can be defined as following: 


GESD,=5,= |S2, +52 +52 (6.12) 


where i = 1,2...n;n number of applicable points 


The image index (ID) as well as the image type (in this context: V = vertical, O = oblique and 


T= terrestrial) should be taken into the account. Therefore, the formula (6.12) can be given: 


where (j) the image ID and (k) image type 


e Determination of (GESD )min 


It was above pointed that starting from existing of an object point P; in an image (cf. Fig. 
6.14) the GESD associated with could be determined according to the equation (6.13). 


Following assumptions therefore could be discussed (Figure 6.15): 


- Assumption (1): if the interested object point is shown in the vertical image V;; that 
means there is GESD = S;(ÿ;, associated with. 

-_ Assumption (Il): if the interested object point is shown in the oblique image O;; that 
means there is GESD = S;(0;) associated with. 

-_ Assumption (I): if the interested object point is shown in the terrestrial image T;; that 


means there is GESD = S;(r;), associated with. 


Based on the comparison between the values S;(y;,, Sitoj) and Sicr;) the minimum one can be 
determined, and therefore, it could be accepted that the studied point could be optimally 


shown and recorded in the image which has the ID = j and the type (k). 
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An object point respected (Pi) 


Assumption I Assumption II Assumption III 


a) EC) E-o 


Comparison Result 


If Si(Vj) < Si(Oj) and Si(Tj) | Pi can be optimally shown in the vertical image (j) 
If Si(Oj) < Si(Vj) and Si(Tj) | ———+ | Pi can be optimally shown in the oblique image (j) 
If Si(Tj) < Si(Vj) and Si(0j) > | Pi can be optimally shown in the terrestrial image (j) 


Figure (6.15): The mechanism used to determine the minimum value of GESD associated 


with an object point. It consists of two levels; the first is calculation of (GESD) related to an 
interested object point. Second one is the comparison process between the values of GESDs 
to determine the minimum one which reveals in which image (and type of this image) that 


point can be visible and recorded optimally. 


Baalbek’s 3D data extracted based on the oriented historical photos will be considered the 
main input data for 3D CityGML modelling which supports different Levels of Detail (LODs) 


by them we can represent different data sets. 


The selection of LODSs depends mainly on the quality check of the data sets available. This 
check could be carried out with respect to different quality parameters (e.g. geometry, 
semantic, etc.). These qualiy characteristics, the quality check (geometric and semantic) of 
Baalbek’s acquired data and finally the LOD selection for Baalbek’s 3D city model will be 


discussed in the following section. 


Chapter 7: Baalbek’s 3D data and CityGML modelling 117 


7. Baalbek’s 3D data and CityGML modelling 


The modelling of 3D data collected based on the oriented historical images of Baalbek is 
considered an essential task in this research, because it enables to give a digital representation 
about historic Baalbek and its entities as well as to document the historic city and its remains 
as they looked like. In the context of a city modelling, standards of CityGML (City Geography 
Markup Language) will be implemented. In addition, it will be proved to what extent 
CityGML-based modelling can be considered as an accessible standard used for cultural 


heritage sites documentation. 


CityGML is defined as an open data model used for representation and exchange of virtual 
3D city models. It is an international standard for the semantic and geometric representation 
of 3D city and landscape models (Kolbe, 2009). The modelling based on CityGML supports 
different four aspects of virtual 3D city model: semantic, geometry, topology and appearance. 
In this context, objects of reality can be represented in up to five well defined Levels of Detail 
(LODs are from LODO to LODA4, see Kolbe, 2009). Those 5 LODs were based on previous 
work related to different research groups on the usage of levels of detail in the 3D city 


modelling (Kôüninger & Bartel, 1998, Coors & Flick, 1998, Schilcher et. al., 1999). 


The coarsest level LODO is essentially a 2.5D DTM (cf. Fig. 7.1, a). In contrast, the LODI1 is 
the well-known blocks model of the buildings with flat roofs structures. In this LOD, the 
geometry of a building is represented a prismatic object with a flat top (Fig. 7.1, b). In other 
words: geometry of a building can be either represented with gml:SolidType as a volumetric 
object or the exterior surface of the building is represented with gml:MultiSurfaceType. 
Buildings are represented in LOD1 in a simple form i.e., extensions to buildings such as 
balconies need to be disregarded when creating of the LOD1 model. In order to ensure a 
broad system support, CityGML is also restricted to non-curved geometries, as these often 
cannot be handled by GIS or spatial database management systems. Therefore, curved 


surfaces must be approximated by facetted surfaces of planar patches (Kolbe, 2009). 


On one hand LOD?2 has more details about the roofs’ structures. In addition, exterior surfaces 
of a building can be represented in higher details (Fig. 7.1, c). In LOD2 outer walls of a 
building can be represented using multiple faces, but in LOD1 just only a single face for each 
wall. Furthermore, a building in LOD2 has distinctive roof structures and large building 
installations like balconies and stairs. In this context, these installations can be represented 


within the Buildinginstallations class as gml:Geometry. 
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On the other hand different parts of the outer façade of the building can be represented 
starting from LOD2 with different classes of CityGML. These classes are aggregated under 
_BoundarySurface class and therefore can be used to explicitly differentiate Roof Surfaces, 


Wall Surface, Ground Surface, and Closure Surface. 


LOD3 of CityGML includes openings associated with the outer façade of the building such as 
windows and doors (cf. Fig. 7.1, d). Here, these openings are represented with Door and 
Window classes which are defined as sub-classes of the abstract class Opening. The class 
Window is used to represent the windows inside and the outer façade of the building. 
Similarly for the class Door, this is used to model the doors that are between the adjacent 


spaces and located at the outer façade of the building (Isikdag & Zlatanova, 2009). 


Figure (7.1): The five levels of detail (LODs) defined by CityGML. LODs of CityGML 
(LODO0 to LODA) are depicted in a, b, c, d and e, respectively (source: Grôger et al., 2008) 


The last LOD of CityGML is LOD4 which represents interior structures of objects. According 
to (Kolbe, 2009, Isikdag & Zlatanova, 2009) the main classes of CityGML used to realize the 
interior structure of a building are Room and IntBuildingInstallation. The class Room presents 
the semantic object for modelling of the space inside the building. It should be closed (using 
e.g. ClosureSurface) and can be represented (from geometrical view) by gml:Solid. In 
addition, semantic data related to the room can be preserved within the classes aggregated 
under _BoundarySurface class. They can be used to semantically differentiate the 


CeilingSurface, Interior WallSurface and finally FloorSurface (Fig. 7.1, e). 
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LOD selection depends on the quality of data sets used. Geometric data quality has an indirect 
impact on the semantic quality, because the geometry affects the possible achievable 
CityGML LOD which determines also the semantic resolution. In the case that data to be used 
for CityGML modelling is based on photogrammetric evaluation, then image resolution (as 
input data set) will have a direct impact on the achievable semantic quality; where image 
resolution affects the determination and 3D reconstruction of separate objects like parts of 


building (e.g. balconies). 


Consequently, and in the context of 3D modelling of the historic Baalbek, it will be 
determined in which LOD Baalbek’s data could be modelled! In other words: the quality of 
Baalbek’s data should be taken into account to know in which LOD this data could be 


represented. 


In the CityGML-based modelling context, the data quality check can be carried out based on 
different parameters. These quality parameters for geodata can be categorized into six criteria 


as following (Guptill & Morrison, 1995, Joos, 1998 and Int03a, 2003): 


e Positional accuracy (geometry check) 
e Semantic acCuracy 

e Completeness 

e Correctness 

e Temporal conformance 


e Logical consistency 


In the study case of historic Baalbek, the geometric and semantic modelling in Baalbek’s 3D 
city model is considered an important step for further applications (e.g. in archaeology). 
Therefore, the quality of Baalbek’s data set will be discussed with respect to geometrical and 


semantic aspects. 


However, with respect to CitÿYGML point of view, an approach for the geometrical evaluation 
of Baalbek’s data will be introduced to decide which LOD can be used. In addition, the 
quality of semantic modelling of Baalbek’s data will checked whereas the geometry quality 
doesn’t support and reflect all information requested about the data quality assessment i.e., the 


object’s geometry isn’t the only the quality concern. 
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7.1. Quality model of spatial data 
To express the quality parameters in detail, the following terms should be defined: 


e Conceptual Reality (CR): according to (DEU, 1998), the conceptual reality is the user’s 
understanding of the real world (user’s idea about the real world). In practice, it may be a 
part of the real world which is to be modelled. If there are e.g. 30 buildings as well as 20 
streets in real world, due to user’s requirements only 26 buildings and 15 streets could be 


presented (Fig. 7.2, a). This means that (CR) can be defined as a sub-data set of real world. 


e Digital Data Modelling (DDM): it describes a digital data set of elements included in (CR) 
that means it is the digital presentation of CR’s objects. Theoretically, each element in the 
(CR) should be coupled with a corresponding element in (DDM); but due to errors (for e.g. 
object misclassification, object recognition and extraction) during the digital presentation 
process, there are missing objects in the (DDM). The Figure (7.2, b) shows that there are 
four buildings as well as four streets - in the (CR) - which do not have a digital presentation 
in the (DDM). 


Conceptual Digital Data 
Reality CR: Model DDM 
objects to be Lu 


modelled based 
on user's 
requests 


22 Buildings 
11 streets 
b 


Figure (7.2): Differences between reality, conceptual reality (a) and the digital data model (b) 


According to (Guptill & Morrison, 1995, Joos, 1998 and Int03a, 2003) the quality parameters 


can be categorized into six characteristics: 
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1. Positional accuracy (geometry): 


It is the geometrical check of all objects included in (CR) and (DDM). In practice, absolute 
positional accuracy is often separated in two parts: horizontal and vertical. The first one is 
related to the determination of errors in X/Y directions. In contrast, the vertical accuracy 


reveals errors of object’s height. 


2. Semantic accuracy: 


It means that in both (CR) and (DDM) all object classifications should be correct and all 
attributes associated with the objects should have valid values. Thus, an interested object 
should be geometrically classified in a correct class (e.g. building) which should be identical 
in the (CR) and (DDM). Furthermore, in the context of semantic accuracy each attribute 


related to that building (e.g. the attribute: building type) should have the correct value. 


In addition, it is not sufficient to check the geometry and semantic issues of a 3D city model 
on their own due to the in between coherence. “Semantic information can help to reduce the 
ambiguities for geometric integration, if it is coherently structured with respect to geometry. 
The ‘spatio - semantic’ coherence presents the relationships of spatial and semantic entities. 
This coherence denotes the quality or the state of cohering, namely a logical, orderly and 


aesthetically consistent relationship of objects” (Stadler & Kolbe, 2007). 


However, six categories referred to the abovementioned coherence of 3D city models can be 


defined with respect to their semantic and spatial complexity (Stadler & Kolbe, 2007): 


“ Only geometry, no semantics: this class comprises just geometry based on 3D graphics 
formats like VRML, X3D, or legacy CAD geometry formats and there is no semantic 
information referred to geometric objects. These 3D models include a more or less 


structured geometry, often organized in scene graphics (Foley et al., 1995). 


“ Only semantics, no geometry: this category describes a case in which it is known, that 
specific geospatial features of known types are included in the 3D city model, but where 
geometry is unknown or not available. Those types of data may be derived from economic 
or accounting data where the geometry, in that case, is not essential to be known (see 


Fischer et al., 1998, Brenner, 2003). 


“" Simple objects with unstructured geometry: here, objects are represented by geographic 


features. Each one has a spatial attribute consisting of an unstructured collection of 3D 
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surfaces and possibly a number of scalar, non-spatial attributes. This model has to be rated 
highly coherent, if the morphology described by the geometry is simple, and minor 


coherent if the unstructured geometry describes a complex shape. 


“" Simple objects with structured geometry: In this case, geometry is not only detailed but 
also structured with respect to spatial decomposition. When it comes to semantics, no more 
than existence of a building is indicated. In this context, the relations can not be established 
between sub-geometries and the missing semantic components resulting in a low degree of 


coherence (cf. Gülch and Müller, 2001, Marshall et al., 2001). 


" Complex objects with unstructured geometry: within this class, semantics are detailed. 
Since geometry is detailed, yet unstructured, relations between semantics and geometry 
cannot be established on different aggregation levels. Therefore, coherence is given only to 
the degree that it is known that the aggregated building object in total is spatially 


represented by a set of 3D surfaces (Foley et al., 1995). 


" Complex objects with structured geometry: this category deals with the case that both 
geometry and semantics are given as a complex aggregation. Here, however, if all semantic 
components correlate to geometric ones on the same level of the hierarchy, then full 


coherence of the structure will be attained (Fischer et al., 1998; Brenner, 2003). 


3. Completeness: 


By the extraction process of objects existing in reality (as start point), different acquisition 
rules (e.g. text-based explanations for human understanding of the reality) should be taken 
into consideration, because they allow defining an extraction order, with it users/operators 
know exactly what and how it should be done to extract an object in a best possible way (cf. 
Figure 7.3). So, in other words, these rules should be defined and applied for all objects of 
Conceptual Reality (CR). Once, each user/operator can generate a 3D city model in different 


LODSs based on own CR extracted. 


The question could be posed: to what extent the conceptual reality correlates with the 
extracted 3D city model associated with; namely: to what extent the dual structure between 
both domains (CR and generated city model) is complete. In this context, the term 
completeness can be defined as a description of the relations between the virtual data set and 


3D city models. These relations describe the abovementioned dual structure (with respect to 
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geometry and semantics) of features/entities, which are extracted from reality and denoted in 


a 3D digital representation. 


Abstraction according to 
ne is can These rules should 
processable) or text-based SHARE eL 

à objects of CR 
explanation for 
human data acquisition 


3D City Model Features/entities Acquisition 
in different LODs (virtual data set) rules Real world 


In the case of complex objects, 
completeness can be classified 
in two types: the first is shallow 
and the other is deep 


User/Operator He/she can generate data ar Pont 


set in a certain LOD (e.g. 
LOD1) using rules and 
algorithms 


Other Other user generates also 


a data set (possible in 
User/Operator different LOD (e.g. LOD2 


or LOD3) 


Figure (7.3): The linkage between Conceptual Reality (CR) and 3D city model 


In general, it is desirable to have a coherent thematic and spatial structuring of the objects. 
This means, that each complex thematic object is associated with a complex geometry object 
and each of the thematic components are also assigned to geometric components (being 
substructures of the original complex geometry). A fully coherent data set has the advantage 
that each geometry object ‘knows’ what thematic role it plays and that each thematic feature 


‘knows’ its location and spatial extent (Kolbe, 2009). 


In the case of having the abovementioned fully coherent, both semantics and geometry are 
given as a complex aggregation (Stadler & Kolbe, 2007). In the complexity context, the check 
of completeness makes sense, because it indicates to what extent the relations between CR 
and extracted city model are complete. Therefore, it will be meaningful to define a feasible 


model of quality check referred to completeness. 


However, in this research, two classes for completeness check (completeness accuracy which 
is dealing with quality of completeness referred to a complex objects) are suggested: deep and 


shallow completeness (Figure 7.4). 
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" Deep completeness 


With it each element (e.g. building) in the domain (CR) has exactly one coupled element (in 
this case: building extracted) in the co-domain (DDM) and vice versa; it leads to the 
assumption that the relation between the domain and co-domain is bijection. In addition, each 
object in the domain (CR) and its digital element in the co-domain (DDM) have the same 
attributes. This means that the relation between (CR) and (DDM) is (1:1). 


Figure (7.4) shows that the object “Building” in (CR) has a coupled object in (DDM). It 
comprises two children “Building partl” and “Building part2”. Each child has also one 
coupled element in the co-domain (DDM). This linkage depends on the categories of “spatio - 
semantic” coherence, e.g. the case of complex objects with structured geometry (namely: fully 


coherence) leads to deep completeness. 


“"  Shallow completeness 


In this class, there is at least an element in the conceptual reality that does not have coupled 
element in the produced digital data set. In this case, the relation between the domain and co- 
domain is not bijection. To express this class, let start from the components: wall and roof 
surfaces (which are children from the child “Building partl”). Although they have been 
presented in (CR), there is no coupled elements in (DDM) associated with, which means the 


completeness in this case is shallow. 


Building in DDM Building in CR 
eo o 


Deep completeness: 


Fee AE se Re ! | Each element in CR has 
Building | | Building Building | | Building ! | one coupled element in 
Part1 Part2 Part2 art1 ! | the digital data set. 
—————— ——— ———— ! In this case the relation 


is always 1:1 


! | Shallow completeness: 
Roof Wall : | There is at least an element 
rss CRE ; [in CR which does not have 
surface surafce L an associated element in 


the digital data extracted 


Figure (7.4): The two completeness categories: deep and shallow; which reveal to what extent 


aggregated object hierarchies between conceptual reality and digital data set are complete 
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Basically, the two completeness classes were discussed based on the assumption that the user 
or operator knows the object in CR and he wants to check whether it has an associated object 
in the generated city model. In contrast, one can ask if the completeness check would start 
from the digital data set to CR. This is still an open issue which depends on the quality of the 


extracted city model and understanding of the reality. 


4. Correctness: each feature in (CR) and its coupled object in (DDM) have attributes which 


should have the same valid values. 


5. Temporal conformance: it consists of four items: 


- _accuracy of the time measurement 

- date of data update (e.g. the last update of the data set) 

- update frequency 

- temporal validity: it means that the validity expiration of a data set referred to a 


certain object is associated with a certain time or date. 


6. Logical accuracy: specific logical rules should be same for specific object types. In this 
context, all line strings e.g. must be closed, all object points must be 3D, etc. Other rules 
should be also taken into account are the rules for schema conformance; e.g. an application 


schema should contain a name and a version string. 


7.2. Quality model of Baalbek’s data 


Within this section, a geometric and semantic quality evaluation of Baalbek’s data set will be 
discussed with respect to the concept of CityYGML modelling. In addition, the geometry 
impact of Baalbek’s data on the semantic modelling as well as the thematic data addition will 


be assessed. 
7.2.1. Geometric quality of Baalbek’s data 


A new contribution for geometry check of Baalbek’s data set will be introduced. It describes a 
methodology for data quality check dealing not only with the geometry related to selected 
object points, but also with the whole area of interest. The proposed methodology of geometry 
check is achieved separately for planimetry (horizontal accuracy) and for height (vertical 
accuracy). This is due to the different accuracies that are obtained during photogrammetric 3D 


point measurements for the XY and Z coordinates. 
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7.2.1.1. Horizontal accuracy 


The basic idea of 2D geometry check is that to determine the planar displacement of an 
arbitrary patch included in the study area (namely: Baalbek’s area). This displacement is 
based on deformations related to arbitrary object points included in the selected patch. So, in 
other words, we aim to know information about the 2D data quality for the whole area within 


the selected patch. 


Basically, each patch to be checked can be described by a polygon generated based on object 
points. This means that the quality information will be available for the whole area within the 
studied polygon. 

However, the suggested process of 2D geometry check comprises following steps: 

e SteplI 


A section of the oriented model of Baalbek’s mosaic has been specified by a polygon (PT!) 
generated based on a few control points (CPs) measured by tachymeter (in this case five CPs 


were used). Three criteria should be respected in the selection of control points: 
- The first is: that the CPs were not used in orientation process to keep statistically 
independency in the deformation calculation of CPs used. 
- Second, CPs should be spread all over the studied area. 


- Finally, it is important that the polygon should be created with a convex form 
which is, in general, more accessible in further mathematical processes (e.g. 


accessibility for interpolation process). 
e StepIl 


The aforementioned CPs were also measured based on the region mosaic of Baalbek; which 
means a new polygon (PM°) was generated. An illustration of the created polygon PM and its 


attributes (e.g. polygon’s area and perimeter) is presented in the Figure (7.5). 
e Step III 


Based on the overlapping between both polygons PT and PM (cf. Figure 7.6), the 


planimetrical displacements (A;) of CPs selected can be calculated as following: 


!'PT: Polygon based on five CPs measured using Tachymeter, the points are: 4011, 4014, 4031, 4039 and 4040 
? PM: Polygon based on CPs measured using Baalbek’s Mosaic 
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= VX — Am)? + (Ve — Yn)? (7.1) 


where: i: 1,2...5 


X3,Y4:  coordinates of the CPs measured using tachymeter 


Xm Ym: Coordinates of CPs measured using Baalbek’s mosaic 


Polygon PM 
Polygon area 7164176 m° 
Polygon perimeter 1890.62 m 


1:4000 


P4 = 4039 


P2 = 4014 


Polygon PM 


Polygon PT 


Figure (7.6): The overlapping between the polygons PM and PT 
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Coordinates of polygon vertices and in between distances (d, and d,, for distances computed 
based on tachymetric and photogrammetric measurements, respectively) are given in the 
Table (7.1). Positional deformations associated with those vertices have been calculated (with 


respect to the formula 7.1) and they are -— 12 to 38 cm (Figure 7.7). 


Vertex X+ y. Xn Vin dip d, dm 
4011 9598.018 | 10111.211 | 9598.276 | 10111.487 | d(4011-4014) | 104-770 | 104.394 
4014 9624.838 | 10212.490 | 9625.057 | 10212.387 | d(4014-4031) | 794-925 | 794.999 
4031 | 10164.672 | 10796.001 | 10164.701 | 10796.174 | d,631-4040) | 100.505 | 100.700 
4040 | 10236.036 | 10725.231 | 10236.153 | 10725.216 | d(4040-4039) 33.720 33.852 

4039 | 10227.138 | 10692.706 | 10227.259 | 10692.553 | d(4039-4011) | 856.696 | 856.304 


Table (7.1): Polygon vertices coordinates measured based on tachymeter and 


photogrammetric evaluation, in addition the distances in between (values in meter) 


12 13 A4 


& CPs displacements (values in m) 


Figure (7.7): Displacement values related to polygon vertices (namely, the five selected 


control points). The vertex P, (4011) has been maximally displaced (ca. 38 cm) 
e StepIV 


As it was mentioned previously, we aim to obtain information about the 2D data quality for 
the whole area within the polygon. It means, the quality assessment of points included in the 
polygon should be controlled. For this aim, a raster grid has been generated so that the Grid 
Vertices (GVSs) should be spread all over the studied area (namely: studied polygon PM). First 


of all, 2D coordinates of GVSs (Fig. 7.8) can be determined based on Baalbek’s mosaic. 
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Figure (7.8): Raster grid covering the whole area of the polygon PM (shaded area), where the 


raster interval is considered AX = AY = 50m 
Once that the GVs were determined, displacement values associated with can be calculated 
based on the displacements of the polygon PM vertices. However, it could be therefore 
investigated: to what extent grid vertices are displaced. In addition, it will be proved whether 


these displacements are smaller than the largest one A, related to the polygon vertex (P:). 


In order to reveal the impact of input data (displacements of polygon vertices P:, P2 ... and 
P;) on the output (GVSs’ displacements), an interpolation process should be carried out. The 
interpolation method, here used, is Inverse Distance Weighting (IDW). IDW is an 
interpolation technique, which relies on the value of known sample points to estimate the 
values at surrounding points using an inverse distance weighting method (Philip & Watson, 
1982; Watson & Philip, 1985). The main principle of IDW function is that the value of a 
variable at a specific location can be inferred from surrounding sampled locations, depending 


on the distance and the number of surrounding sample points. 


À general mathematical form for this method can be expressed as follow (Shepard, 1968; 


Ware et al., 1991): 


À : À; 
A= EE. (7.2) 


where: 
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À : displacement value (to be estimated) of the interested grid vertex 
À; : displacement values of polygon PM vertices 


À; : the weight that determines the relative importance of individual displacement A;, one 


option to define this weight is: 


1 


i=1ton(n …… number of polygon vertices) and p is an exponent (power parameter) 


defined by the user 


d; : distances between the interested grid vertex and the polygon PM vertices 


IDW relies mainly on the inverse of the distance raised to mathematical power. The power 
parameter enables to control the significance of known points on the interpolated values based 
on their distance from the output point. Greater values of the power parameter assign greater 
influence to values closest to the interpolated point. In this study case, the power parameter 


entered in the weight function with the value 1. 


IDW does not make assumptions about spatial relationships except the basic assumption that 
nearby points ought to be more closely related than distant points to the value at the 
interpolated location. This technique determines cell values using a linearly weighted 
combination of a set sample points (Tung, 1983; Watson & Philip, 1985; Naoum & Tsanis, 
2004). 


Consequently, by using of IDW interpolation to estimate displacements related to arbitrary 
grid points (with respect to other ones referred to displacements of the polygon vertices) the 


following assumption was taken in account: 


The displacements of GVs should be distributed smoothly and unknown displacements of GVs 
are computed as a linear combination of the given displacement values of polygon vertices 


with the inverse distance as weights. 
Based on this assumption two issues should be respected: 


- Smooth distribution of GVs’ displacements: by defining a higher power parameter, more 
emphasis can be put on the nearest points. Thus, nearby data will have the most influence, 


and the surface will have more detail but less smooth. Basically, this case was avoided, 
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because it is necessary to perform the interpolation process with respect to distant points. It 
could mean that nearby data will not have the most impact on the interpolation process and 


therefore the surface will not have more detail but more smooth. 


-  Linear combination: the formula (7.2) shows that the output displacement is a function to 


known displacements entered in the interpolation process, so it can be reformed: 


” l'A + D'h ++ "A 


AY 
> À; 
A = # PAL D 4, 7 A 
DA DA. DA 
A = d'A+a A +..+a "A (7.2.b) 


Thus, the equation (7.2.b) indicates that the displacement to be determined is mathematically 
expressed in a linear function based on displacements of the surrounding sample points. 

The question to be posed: is there a displacement value (referred to an arbitrary grid vertex) 
that can be greater than the highest or less than the lowest input (namely: displacements of 


the polygon vertices)? 


Basically, the output value for a cell using IDW is limited to the range of values used to 
interpolate. Since that IDW is a weighted distance average, the average can not be greater 
than the largest or less than the lowest input data. Therefore, it can not create ridge or valley if 


these extremes have not already been sampled (Watson & Philip 1985). 


The mentioned declaration was met through the determination process (based on the equation 
7.2.0) of displacements referred to 30 grid points selected. Calculated displacements are in the 


range [16 — 28]cm. 
7.2.1.2. Height accuracy 


The geometrical analysis of heights was done in an analogous way described in the evaluation 
of positional quality of Baalbek data. In this case, height displacement values A}; associated 


with different object points are given: 


Ai Hi Hn (7.3) 


132 Chapter 7: Baalbek’s 3D data and CityGML modelling 


where: 


H+ : Height values referred to object points selected measured using tachymeter 


Hn : Height values referred to object points selected using Baalbek’s oriented photos 


Based on the equation (7.3), height displacement values related to sample object points have 
been calculated using measurements based on tachymeter and oriented photos. For further 
height displacements referred to arbitrary object points, the IDW interpolation method was 
implemented. Here, the assumption of smooth distribution and linear combination were also 


preserved. The output values are in the range [15 — 70] cm. 
7.2.2. Quality of semantic data 
7.2.2.1. Definition 


According to (Krämer et al., 2007), the quality of a semantic data set is expressed by the term 
“semantic accuracy” which can be given when: all objects included in this data set are 
correctly classified and all attributes associated with have correct values. The classification of 
objects will be correct if each object (0) in (CR) and its corresponding O0” in (DDM) belong 
to the same class (in this case: the relation 1:1 is respected, see Chapter 7.1). This can be 


explained with an example: 


Let (CB) and (CB)' be the “Class-Building” in (CR) and (DDM) respectively. Therefore, 


classification of objects is correct if the following formula is true: 
VOECR 30'EDDM - (f(0) = 0’ and (CB) = (CB)') (7.4) 


This means: for each object O there is a digital representation 0" which has to belong to the 


same class of the object O. 

In contrast, validation of objects attributes in (DDM) can be defined as following: 
VO'EDDM VP'EEpnm — val(P') € Vh (7.5) 

where: 


P'".. an attribute of an object in DDM 
Eppm … Set of all digital attributes of objects in DDM 


val(P') … value of the attribute P’ 
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V?r … set of all valid values for the attribute P' 
In an analogous way, all attributes of objects in (CR) are valid if: 

VOECR VPEE,;R — val(P) € V, (7.6) 
where: 


P … an attribute of an object in CR 
Ecr … set of all attributes of objects in CR 
val(P) … value of the attribute P 


V, … set of all valid values for the attribute P 
7.2.2.2., Semantic accuracy and geometry 


Basically, geometric quality has an indirect impact on semantic quality (semantic resolution 
and thematic addition), because it affects directly the possible achievable CityGML-LOD 
which determines also the semantic resolution and vice versa (Figure 7.9). In this context, the 
resolution of Baalbek’s historical photos has an impact on the achievable semantic quality due 
to the resolution of the images affects the determination and 3D reconstruction of separate 


objects like parts of buildings (e.g. balconies, etc.). 


direct impact 


Geometric quality  |@——È| Achieved CityGML LOD 


direct impact 


Thematic addition 
Indirect impact on … 


Semantic resolution 


Figure (7.9): The relation between semantic and geometric quality 
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7.3. Interpretation of quality check of Baalbek’s data 


7.3.1. Geometry 


According to (Grôger et al., 2008), the accuracy requirements for CityGML modelling are 
given in an implementation specification referred to CityGML. They are debatable and should 
be considered as discussion proposal. The accuracy is described as the standard deviation of 
the absolute 3D point coordinates (Table 7.2). Relative 3D point accuracy will be added in a 


future version of CityGML as it is much higher than the absolute accuracy. 


In LODI1 the positional and height accuracy of 3D points must be 5 m or less. In contrast, by 
LOD?2 the positional and height precision of object points must be 2 m or better. In this LOD), 
all objects with a footprint of at least 4m X 4m have to be considered. Both types of 
accuracies in LOD3 are 0.5 m and the minimal footprint is 2m X 2m. Finally, in the last 


LOD), the accuracy must be 0.2 m or less. 


uns un me Jun [em | 


Object blocks as Objects as Objects as Constructive elements 
generalised generalised real features: and openings are 
features;> 6*6m/3m | features >4*4m/2m >2*2m/1m represented 


Representative . 

exterior effects Real object form 
Real object form Real object form 
Ye 


Table (7.2): LOD 0-4 of City GML with its accuracy requirements — these accuracies are not 


normative, but just proposal (source: Grôger et al., 2008) 


In Baalbek project, the achievable accuracy of applicable 3D object points is smaller than 1 m 
for the position/height. Therefore, it will be geometrically possible to use Baalbek’s 3D 
features extracted based on historical images to create a 3D city model of Baalbek in LOD1 


and LOD2. 
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An overview of Baalbek’s 3D model (in LOD1) is presented in the Figure (7.10) as well as a 
close illustration of parts of the temples Jupiter and Bacchus - in LOD2 - is also presented in 


the Figure (7.11). 


Figure (7.10): 3D city model in LODI1 of historic Baalbek. Buildings are represented as 
solids; streets are reconstructed by polygons. These entities are modelled using different tools 


like: “ArcMap and ArcScene” 


Figure (7.11): A close view of 3D model of the both temples: Jupiter and Bacchus in LOD2 
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A summary about the number of different extracted objects like: buildings, trees, roads, etc. is 


presented in the Table (7.3). 


Bo Solitary vegetation objects 


Objects | Building Vegetation area | Temple 


like: trees 


Number 737 42 1645 24 2 


Table (7.3): Number of objects extracted using Baalbek’s historical photos 


7.3.2. Semantics 


Basically, the geometric model of Baalbek presented in the Figures (7.10) & (7.11) includes 
complex buildings (like the temple of Jupiter) which were digitized as several roof polygons 
(Chapter 6.6.1). After that all roof polygons were extruded by providing a Z-value. 
Furthermore, in Baalbek’s 3D model each building is represented by one or more roof 
polygons and also with corresponding solids, which complies with the cell decomposition 
representation scheme of 3D computer graphics. All elements have been stored as 3D 


Shapefile which was converted to CityGML file format'. 


Baalbek’s CityGML file represents a photogrammetric reconstruction of the temple of Jupiter. 
It contains one CityModel including a number of so called: GenericCityObjects. Each 
GenericCityObject has four GenericAttributes: AREA, PERIMETER, ID and Z. Basically 
each digitized roof polygon is represented two times: one time as roof-polygon and other one 


as a surfaceMember of its corresponding Solid (Figure 7.12). 


| The tools used for this conversion is the software: Feature Manipulation Engine FME 
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L_ 1 Polygon related to ground 
Si) Polygon related to solid 


Figure (7.12): An illustration of the coupled representations of each digitized polygon; one 


time related to the ground and other one to the volume associated with 


In addition, different geometric and semantic challenges are met in the above mentioned file 
such as: 
- It contains only GenericCityObjects and for e.g. no Buildings or other semantic 
information (like building name, function, etc.) 
- À real world building may be represented by several GenericCityObjects which depend 
on the numbers of digitized roof polygons. In this context, each building is described in 
the cell decomposition representation scheme and not in the boundary representation 


scheme as explained in ISO 19107 GI-Spatial scheme 


-_ Finally, each polygon is provided two times (App. P) 


That is to say that the above mentioned file can be validated correctly according to XML 
Schema. Nevertheless, it has been modelled as intended by the Specification of the CityGML 
Encoding. Therefore, this file has been converted to a new CityGML file (here it is called 


CityGML-file) in order to overcome the above mentioned posed challenges. 


The conversion process of the file, to the file2 is carried out by an algorithm developed in 


Java that uses the citygmldj API The citygml4j API (CityGML for Java-Application 


138 Chapter 7: Baalbek’s 3D data and CityGML modelling 


Programming Interface) is a Java class library that facilitates the work with the OpenGIS® 


CityGML Encoding Standard. 
In the following, the algorithm will be explained in five steps: 


1. Read file: in this step the original file (CityGML-file;) is read using the citygmldj API. 
Hence, the citygmldj tree of content objects is traversed from the root (CityModel) to its 


leaves (geometry). 
2. Extraction of polygons: each polygon, that is found, is stored only one time in a list. 


3. Graph (adjacency list): in order to build a graph, first for every polygon an axis-aligned 
minimum bounding box is computed (Figure 7.13, a). The minimum bounding boxes are 
defined by the minimum and maximum X, Y and Z coordinates within the posList of a 
polygon. This will provide two points at the lower left and the upper right corner of a cuboid. 
Once, it will be proved, whether the bounding boxes of each two polygons are meeting or not! 
In this context, two bounding boxes are meeting if their boundary sets are intersecting (in all 
three dimensions). If a meeting is being detected, it is assumed that the two corresponding 
polygons are neighbored. The adjacency list stores the neighborhoods between all polygons in 
the form of nested lists. The main list stores all polygons. Additionally, every polygon in this 
list stores its neighboring polygons. Due to that the usage of minimum bounding boxes for the 
determination of neighborhoods is an approximation process; the detected neighborhoods so 
far must not project exactly the real solution. Two cases of polygons adjacencies are depicted 


in the Figures (7.13, b) and (7.13, co). 


Figure (7.13): An axis-aligned minimum bounding box defined by the lower left point and the 


upper right point (a), two cases of polygons meeting: with a line (b) and with a point (c) 


Chapter 7: Baalbek’s 3D data and CityGML modelling 139 


4. Extraction of connected components: 


Based on the graph structure, the connected components can be extracted. In this case, a 
connected component comprises all polygons that are directly or indirectly neighbored with 
each other. Polygons that are part of different connected components are always disjoint. The 
connected components are extracted by traversing the graph structure in a breadth-first search. 
That is to say, a first polygon is extracted, and then the neighbors of this first polygon, next 


the neighbors of each neighbor of the first polygon and so on. 


To express the principle of the breadth-first search process, suppose that there is a cubic solid 
available and represented by several surfaces (Figure 7.14). The process of breadth-first 
search, used to extract the connected components related to the abovementioned solid, can be 


described by a tree including each polygon extracted and its neighbors (Figure 7.15). 


Consequently, it can be assumed that polygons of each connected component are somehow 
neighbored and the polygons of two connected components are always disjoint. Further on, it 
is supposed that every connected component within this graph represents one real-world 


building. 


Figure (7.14): A solid represented by multi-surfaces; (in this illustration: 12 polygons with ID 
from 0 to 11) 
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Figure (7.15): The tree of the breadth search process applied to detect the polygons and their 
neighbors related to the solid depicted in the Figure (7.14). In this case, it can be noted that 
the polygon 0 (namely the surface 0) has four neighbors (1, 3, 4 and 5); furthermore, the first 
neighbor (1) of the polygon (0) has also 9 neighbors. 


5. Generating of the new file (write file): finally, an intermediate file is written by means of 
citygmldj library. Therefore, for each connected component a new Building element is 
generated and the new attributes: yearOfConstruction and function as well as the 
GenericAttributes NAME, EPOCH and RESTORATION plus one lod2MultiSurface property 
are added. The lod2MultiSurface contains all polygons of the corresponding connected 


component. The structure of the new CityGML file is presented in the App. (Q). 


However, a comparison between the original CityGML file and the new one from geometric 
and semantic views can be achieved. In this context, it can be found that the new CityGML 
file includes one Building element. In addition, five attributes are available where three of 


them are GenericAttributes (Table 7.4). 


Chapter 7: Baalbek’s 3D data and CityGML modelling 141 


Point of view Original file Output file 
CityGML file New CityGML file 
1 CityModel 1 CityModel 
66 GenericCityObject elements 1 Building 
Semantic AREA StringAttribute NAME 
PERIMETER StringAttribute EPOCH 
ID dateAttribute RESTORATION 
function 
. yearOfConstruction 


33 GenericCityObject elements 


have a lod4Geometry property 
with: 1 lod2MultiSurface property 


with one MultiSurface and 420 


Geometry 
Polygon elements inline 


- a polygon inline (related to 
floor polygons) 

- a solid inline (related to 
extrusion solids) 


Table (7.4): À comparison between Baalbek’s original and new CityGML files 


Furthermore, different views (screenshots) showing the semantic structure referred to the 


CityGML file resulted are presented in the Figures (7.16.a-c). 


MLondXplorer CityGHL Viewer 


Fe Edt Vew Inst Navigation Tocs Exiat Window Heb 


ChyGML Browser 


RCE 


Type Name) 
= Ck,GMLModel (up rem) 


= Generic attributes like: 
- StringAttribute NAME 
- StringAttribute EPOCH 
- StringAttribute RESTORATION 


Figure (7.16.a): A 3D view of the temple Jupiter using LandXplorer CityÿGML Viewer. 
Thematic data like: name of the building, historical epoch, etc. are addressed under the class 


“attributes”, where it is possible to add new information 
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Figure (7.16.b): An illustration of 3D geometric and semantic model (in LOD2) of some parts 
(with texture) of the temples: Jupiter and Bacchus. The main tools used in this case are: FME 


Universal Translator and the software Aristoteles! 


Figure (7.16.c): The possibility to add thematic information using a semantic editor 


It is important to mention that the terrain is an essential part of a city model. In CityYGML, the 


terrain is represented by the class ReliefFeature in LOD 0-4. À ReliefFeature consists of one 


l'Aristoteles viewer project is developed for different applications that need to develop or evaluate new features 
and attributes for 3D models. (Source: http://www.ikg.uni-bonn.de/aristoteles/index.php/Aristoteles). 
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or more entities of the class ReliefComponent. Its validity may be restricted to a certain area 
defined by an optional validity extent polygon (Grôger et al., 2008). Basically, CityGML 
representation of Baalbek’s DTM is not achieved in this research (also other issues such: 
vegetation objects! like: tree, transportation objects” like: roads). These issues are considered 
as future tasks which should be achieved to improve the generated 3D model of historic 


Baalbek. 
7.4. Baalbek’s data visualisation 


Today the 3D visualization has a variety of applications and technologies which enables us to 
render a detailed simulation of urban systems also of antique settlements. 3D visualization 
simulates spatial reality, allows the viewers to recognize what they see in the real world, but 
the transition between different realities is not easy and does not always satisfy expectations. 
In addition, an integrated and high level management of information is also missing. When 
dealing with cultural heritage assets, the acquisition of information in a three-dimensional 
form is still not always an easy task. À huge number of applications requires more advanced 


tools for representing and analyzing the 3D environment. 


In this section, we aim to access and manage the available data of Baalbek’s 3D model using 
an innovative method called “ISEE”. This method allows the user to access the information in 


real time navigating in a 3D environment. 
7.4.1. Accessing information through ISEE method 


To access the historical information using Baalbek’s 3D model produced, a method called 
ISÉE will be used. The idea of the method is based on the using the simple action of “seeing” 
(and thus the name of the method, “I see”), as a mean to investigate and add information. The 
system can be used with modern web browsers, allowing access to a wider audience without 


any special requirements (Pecchioli, 2010). 


The principle of ISEE is to find the relevant information using only the perspective of the 
user, what he/she is looking at. In the ISEE method, the term “Information Zones” (1Zs) 
defines the information associated with regions of the 3D space. In addition, “View Zone” 


(V2) is the portion of the 3D model which is being looked at in the interactive 3D Viewer. 


! Single vegetation objects are modelled by the class SolitaryVegetationObject, while for areas filled with 
specific vegetation the class PlantCover is used. 


? The main class TransportationComplex is used for representation of transportation objects. 


144 Chapter 7: Baalbek’s 3D data and CityGML modelling 


Information Zones do not necessarily coincide with a 3D object represented in the model, 
they might be just a part of it, or even they may include many objects at the same time. An 
illustration of (1Zs) and (VZs) is depicted in the Figure (7.17). The perceived dimension of the 
VZ on the screen is also constant, but its real size is depending on the distance from the 
object. The angle of the view cone is constant (cf. Fig. 7.17), and the closer the object is, the 
smaller the width, so that the perceived dimension of the VZ on the screen is constant, but its 


real size depends on the distance from the object. 


Figure (7.17): An illustration of: Information Zones (1Zs: red spheres), View Zone (VZ: green 


sphere) and View Cone (VC presented in gray cone) - source (Pecchioli, 2008) 


Defining 3D zones interactively is not so intuitive, where one has many degrees of freedom. 
On one hand the first choice is a “sphere”, easy to define (radius and center), but the zone 
does not coincide exactly with the sphere, as the sphere is just meant to represent an 
approximation of it. Thus especially at the boundary this will be inexact. So defining of a 
“smooth transition” at the zone boundaries would be preferable. This can be achieved by 
associating a quantity (which is called the concentration of information) to each point of the 


space, representing “how much” information is contained at that point in the zone. 


On other hand the choice to use the 3D Gaussian function allows providing intuitive and 


efficient means of filtering information and defining the mentioned concentration. This is a 
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function which assigns a value to each point of the space (it can be seen as a fog, denser in the 
center, and less dense on the periphery). In addition, it describes the concentration of 


information adequately. 


One can also implement other smoothly decreasing functions (functions that are not strictly 
decreasing would have an unpredictable behaviour for the user); the difference between them 
would likely be minor. The real difference would be arisen if discontinuous functions were 


used. Furthermore the Gaussian function has several interesting advantages such as: 


“ Ithas a mathematically simple definition 
“ It has few parameters, and these parameters can be identified with the position and the 
dimension of the Gaussian function 


“ It can be handled in a computationally efficient way 


It is important to note that the Gaussian function is not used to define the exact location of the 
information, but rather an approximated zone which can be subsequently used to search and 
retrieve the information. The amount of information is not connected with the size of the 


Gaussian function, but it depends just on the size of the object. 


The Gaussian function that represents the VZs is structured as following (Figure 7.18): 


e The center of the Gaussian is chosen on the point, representing the first intersection 
between a 3D scene and a ray cast, passing though the current point of view and the center 
of view plane. Basically you can shoot in the direction you are looking and the point (P) is 
the point where your ray encounters an object. 

e The width of the Gaussian: it is proportional amount and is defined through the distance 
between the center and the current view point. In other words, it is similar to the size of the 


viewed area. 
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View plane 


Figure (7.18): An illustration of the Gaussian center (P); where the point (M) is the point 


of view and the point (n) is the center of view plane 


The information is ranked with a new measurement of “spatial relevance of the information”. 
The spatial relevance depends on the position/orientation in the 3D space and allows 
representing the data in an intuitive interface. In addition, the new measurement is based on 
the relation between the (1Z) and the (VZ). Intuitively, the relevance of information should be 
maximal when its (1Z) coincides with the (VZ), decreasing when they are far apart. Moreover, 
the information is always associated with extended zones rather than with points, therefore it 


can also use the size of a zone to decide if it is relevant. 


The usage of extended zones gives to the proposed ranking algorithm a superior performance 
than rankings based only on the distance. Selection methods (like: ray casting) work with 
points or discrete objects and do not cope well with overlapping objects. The proposed 
ranking algorithm matches the intuitive expectation of the users, as was verified with a formal 


usability test that was performed at completion of the work. 
This ranking method has several advantages over previously used methods, due to: 


e High densities of data and partially overlapping regions. 
° It uses also the size of regions (level of detail!) to filter the information, it has a better 


performance than purely distance based methods. 


! Here with level of detail we mean the size of the region where the information is related to, for e.g. if it relates 
to a detail of a painting of the whole painting. This isn’t related to the level of geometrical detail of 3D model. 
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e Unlike selection methods like for e.g. ray casting, it copes well with overlapping and 
partially hidden regions and avoids users needing to be extremely precise to find 
information they are interested in. 

e A user can interactively refine his/her search either by carefully focusing on the parts of 


the model he/she is looking at. 


7.4.2. Baalbek Web Application (BWA) 


Through Baalbek Web Application, the interactive visualization makes information more 
accessible and improves user experience. The idea of using the simple action of “seeing” can 
represent an easy instrument for the users to access the information of the context of historic 


Baalbek. Thus, a web application using ISEE was developed, within the user can: 


e visualize and navigate in Baalbek’s model (in LOD1) 

e access the information in its context 

e read in detail window the meta-data 

e use one or more filter keys for a local search 

e manage many data in different formats (UTF-8, XML, etc.) 


e transfer and share of data to other users (i.e. by sending only the URL) 


BWA! is expressed through a “homepage” giving access to following topics (Figure 7.19): 


=“ the location of the city 
“ the temples of Baalbek 
“ historical and archeological information about the city 


“ Baalbek model in LOD1 and LOD2 


In the web application only the LOD1 model can be explored interactively (Figure 7.20). The 
LOD2 model has been visualized using another viewer called Aristoteles”, which can not be 


used in the browser. Therefore the user can also access a movie of the LOD2. 


! Baalbek’s Web Application is available under: http://isee.kitabi.eu/. 


? Aristoteles viewer project is developed for different applications that need to develop or evaluate new features 
and attributes for 3D models. (Source: http://www.ikg.uni-bonn.de/aristoteles/index.php/Aristoteles). 
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Welcome to historic Baalbek 


Figure (7.19): Baalbek’s home page 


54 


1" 


: The second temple in Baalbek is Bacchus. This temple is 
particulady well preserved. K is, in the fact, the best 
preserved Roman temple of this size anywhere. We should 
refer to it as the temple of Bacchus, because the dedication 
of the building to this joyous God is far from certain. The 
temple stands in a curious relationship to the great complex 
of the temple of Jupiter. The first person to suggest the 
attribution of the temple of Bacchus was the German 
archaeologist Otto Puchstein. His theory was based on the 


Figure (7.20): Baalbek’s model (LOD1) in ISEE 
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8. Summary and outlook 


Within this research the combined evaluation of different image types (vertical, oblique and 
terrestrial) for the documentation of cultural heritage sites was posed and discussed. This 
combination is considered an important topic which should be taken in account. This is due to 
that up to now minor investigations (related to the combined evaluation of different types of 


historical images) were achieved. 


Furthermore, a suggestion of a photogrammetric methodology dealing with different types of 
photos (especially, historical photos) is in a high demand, because it would provide a 
scientific mechanism, with it, photogrammetric processes (like: image orientation, image 


matching, etc.) could be carried out in a best way (with respect to geometry point of view). 


To achieve the abovementioned evaluation, Baalbek’s historical images were used. Baalbek’s 
photos can be classified into three types: the first is vertical aerial images (taken in the year 
1937 through the French mandate and located in the Institute of Francais du Proche Orient 
IFPO in Damascus). Second one is oblique photos (taken in the 1939). The last type is 
terrestrial photos which are stored in the regional authority of Brandenburg/Germany 


(Meydenbauer’s archive) and had been taken in the year 1904. 


Due to the poor properties of Baalbek’s graphical materials (such as: different cameras used, 
no primary data of camera parameters, different image scales, different altitudes of flight, 
high contrast and image noise; in addition the images had been taken in different dates, etc.), 
an approach for relative orientation process was discussed (with respect to the bundle block 
adjustment method). This approach consists of three steps: the first one is the orientation of 
each image type separately. Second, the orientation process only for the vertical and oblique 
photos together has been achieved. Finally, all types of historic Baalbek’s photos have been 


assembled into the same block and then oriented. 


3D object reconstruction has been attained by using the oriented photos. Baalbek’s extracted 
data was considered the main input data which was implemented to generate a 3D city model 
of the historic city according to CityGML. In the created model, not only the geometry of 
Baalbek’s historical entities (e.g. buildings) was represented, but the semantic and thematic 
modelling of this city has been also taken into account, because the geometric model does not 


support all information needed (e.g. classification of objects, building function, names, etc.). 
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8.1. Retrospection and review 


In this section it will be reviewed to what extent the goals posed in this research have been 
carried out. Basically, the six research aims were as follow: (1) Image orientation, (2) 
Combination of different image types, (3) Orthophoto creation, (4) The process of 3D object 
reconstruction, (5) 3D modelling, and (6) Result visualisation. However, concepts and issues 


(referred to each aim) improved and developed in this thesis will be here described. 
e Image orientation: 


It was not a priori clear by which combination of image orientation process best results 
(interior and exterior orientation parameters) could be attained. This ambiguity is due to the 
poor properties of Baalbek’s images. Therefore, a feasible approach for the relative 


orientation of Baalbek’s photos available was investigated. 


First of all, each image type was separately oriented. So, in other words, each type of 
Baalbek’s photos was imported to a separated block with its special properties (e.g. for each 
type a special camera was assumed). In this stage, the orientation process was successfully 
performed, but the geometric impact of image types to each other was not taken into 
consideration. This means, the estimation of orientation parameters for each image type was 
independent. In that case, the impact (from geometrical point of view) between different 


image types through the orientation process was not presented. 


Furthermore, the orientation process for vertical and oblique images of Baalbek was attained. 
This step is the first effort, in this research, of combined evaluation of different image types 
referred to Baalbek. Here, the mathematical function applied in the adjustment calculations 
was based on input data (e.g. observations like: image points) from both image types, and 
therefore, unknown parameters (orientation parameters) related to vertical images were 


estimated with respect to other ones referred to oblique photos and vice versa. 


In the last step of this suggested approach, all types were assembled to one block and then 
oriented together. In this orientation case, an additional geometric impact referred to the 
terrestrial image type of Baalbek was respected. This led to additional input data, and 
therefore to strict functional model. It is important to mention that this additional type used in 
the orientation process guaranteed a stable model of the estimation process of unknown 


parameters. 
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e Combination of different image types 


In the context of orientation process based on image combination of Baalbek’s photos, there 
are four possibilities of image type combination: vertical with oblique images, vertical with 


terrestrial image types, oblique with terrestrial and finally vertical-oblique-terrestrial. 


In this work, the orientation process started with the combination between vertical and 
oblique images. This was mainly due to challenges (e.g. image properties) arisen in the flow 
of the orientation process referred to Baalbek’s terrestrial image type. In addition, the vertical 
and oblique images have been taken approximately in the same period (19305), it could mean 
that they include same objects (like: buildings, streets, etc.). This could optimize the object 
recognition and the matching process between images and may be a feasible support for 


calculations of the bundle block adjustment. 


Therefore, it was firstly avoided to carry out the orientation process based on a combination 
including the terrestrial image type in order to get reliable results. Once, the orientation 
process based on the first combination (vertical-oblique) has been successfully attained, it was 
directly assumed to consider the oriented block of vertical and oblique images as basic start 
for Baalbek”’s terrestrial image type and then the possibility to achieve the orientation process 


based on three types. 


Consequently, it could be accepted that the sequence of image combination (namely: vertical- 
oblique then all image types: vertical-oblique-terrestrial) was a reasonable suggestion to orient 
Baalbek’s historical photos. It is important to note that other combination sequences (for e.g. 
vertical-terrestrial, oblique-terrestrial, etc.) could be verified, but this is still limited that new 


data about the terrestrial images should be provided. 


However, it could be accepted (regarding to results of orientation process) that the internal 
geometric configuration of the different cameras used and the lens systems were determined, 
whereas the interior and exterior orientation parameters were well geometrically estimated, so 


that the measurement of the applicable 3D object points is possible. 


e Orthophoto creation 


Baalbek’s orthophotos were generated with respect to the estimated orientation parameters. 
By the generation of orthophotos, it was necessary to create a DTM of the studied area. In this 


context, a DTM was created using two topographical maps covering the studied area. The cell 
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size of orthophotos was computed automatically based on the scale and resolution of the 
images. The cell size is approximately bounded to 0.13 m for X and Y. The resample method 
“Bilinear Interpolation” was implemented due to the well quality of the gray values 


calculation. 
°_3D object reconstruction process 


Depending on the oriented model of historical photos, the combination between the different 
historical images of Baalbek to create a best 3D object reconstruction (with respect to 
geometric accuracy) was investigated. Baalbek’s 3D data acquired based on the oriented 
model of photos has been considered a main data source for 3D CityGML modelling (City 
Geography Markup Language) which supports different Levels of Detail (LODs), by them we 


can represent and model different data collections. 
e _3D modelling and result visualisation 


The modelling of 3D data extracted based on the oriented images of Baalbek was regarded an 
essential task in this work, because it enables to give a digital representation about historic 
Baalbek and its entities as well as to document the historic city and its remains as they looked 
like. In the context of city modelling, standards of CityGML were implemented. In addition, it 
was investigated to what extent CityYGML-based modelling can be considered as an accessible 


and reasonable standard used for cultural heritage sites documentation. 


It was also investigated in which LOD Baalbek data can be modelled with respect to quality 
aspects such: the geometry and the semantic data quality. The result was the generation of a 
3D city model of Baalbek in two different LODs (namely, LOD1 and LOD2) with respect to 


quality assessment of Baalbek’s data available. 


Finally, a visualization of results of investigations and experiments of historical Baalbek in 
Lebanon was introduced. The visualization process has been carried out using a method called 
ISEE. The method allows the user to access the information in real time navigation in a 3D 
environment. We chose to link the information to 3D zones in the space. These 3D zones 
have to be defined interactively, and with minimal user interaction (just by looking), therefore 


we have chosen to keep them geometrically very simple (like spheres). 


We thought that the interactive visualization makes information more accessible and improves 


user experience. The idea of using the simple action of “seeing” can represent an easy 
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instrument for the users to access the information of the context of Baalbek. Thus, we 
developed a web application using ISEE, where the user can visualize and navigate in the 


model in LOD1 and also access a movie of the LOD2. 
8.2. Thesis contributions 


After the review and retrospection referred to aims of this research; intended contributions of 
this thesis for other scientific researches should be extracted and discussed. It deals mainly 
with conceptual and methodic developments and issues achieved in this work and their 
benefits and the applicability for further researches and projects related to. In this context, 
contributions will be discussed with respect to - among other things - two main research areas: 


photogrammetry and documentation of heritage sites. 
e Contribution for photogrammetry 


It is common that photogrammetry is a science that allows obtaining information of objects in 
reality based on different processes applied on images. The traditional and largest application 
of photogrammetry is to extract object information from aerial images. In last decades, many 
strategies had been introduced to carry out the abovementioned application. In addition, 
different efforts dealing with terrestrial images had been also achieved to acquire object data 


from terrestrial views. 


In contrast, minor strategies referred to the combined evaluation of different image types e.g. 
vertical and oblique images, oblique and terrestrial ones, etc. have been achieved. Therefore, 
the suggestion of a methodology to deal with combination of image types is still not easy task, 
because there is no clear specification or protocol with them, we can carry out the mentioned 
combination in a best way. In other words, there is no clear methodology with it, the 
orientation process based on combined evaluation of different image types could be best 
performed with respect to the geometry point of view (e.g. geometric quality of orientation 


parameters). 


In this thesis, a contribution for a photogrammetric methodology dealing with different types 
of historical images and their combination has been investigated. It was presented how 
photogrammetric processes such: camera calibration, image orientation, orthophoto creation, 


error detection, etc. can be best attained. 


The suggested methodology was applied on Baalbek’s historical images, but the mechanism 


proposed can be also applied as a start point for study cases dealing not only with a specific 
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image type (e.g. just aerial image type) but also with combination of image types. Thus, users 
or operators (like: photogrammetrists) can depend on the issues referred to the mathematical 


model (functional model) and its variations applied in adjustment calculations. 


e Contribution for heritage site documentation 


Archaeological heritage sites receive the attention from most of the world governments for 
preserving them in a best way, because they are considered an important linkage between past 
and present. Moreover, these governments are looking forward to find suitable solutions to 


preserve historical assets and also to restore heritage parts which have been damaged. 


In addition, some of historical sites had been destroyed (or maybe some parts). This leads to 
challenges to generate a best documentation, due to a data missing about objects related to 
those sites. Therefore, a feasible emphasis should be achieved to overcome the problem of 
non optimal modelling process. A solution can be suggested is to use available data sources 
like: historical images which can provide sufficient data needed. Definitively, those images 
require a lot of photogrammetric evaluation, analysis and different processes (e.g. orientation, 
rectification, etc.) in order to use them in a feasible form for further application (like: 3D 


model). 


However, in this work, a contribution dealing with historical images (namely: Baalbek’s 
historical images) for heritage site documentation was proposed. It was described how to 
achieve a reasonable orientation process based on different historical images which have poor 


properties like: low image resolution, noise, different brightness, etc. 


Furthermore, it was revealed how to overcome different challenges related to recognition and 
detection process of objects included in the images. This led to reduce the misinterpretation of 
the data extracted from historical images and therefore to create a reasonable 3D city model 
which enables to give a digital representation about historic Baalbek and its entities as well as 


to document the historic city and its remains as they looked like. 


e Contribution for documentation of historic Baalbek 


The historic Baalbek is an important one of main standards of Arab heritages. This is due to 
the 5000 years of history in the city and the ancient building remains. As such historic city 
cannot be ignored in any serious effort toward the documentation of cultural heritages. 


Therefore, in this work, the documentation of historic Baalbek was achieved. This 
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documentation relied on different aspects such as the usage of historical photos, the 


generation of a 3D city model, etc. 


However, the abovementioned documentation provides varied supports required for further 


applications (e.g. restoration). These supports could be summarized in the following points: 


- Historical images 

- Camera parameters and lens distortions 

-  Extracted data (Shapefile) 

-  Baalbek’s DTM 

- _3D model in LODI1 and LOD2 (geometry and semantics) 


e Contribution for CityGML modelling 


The basic idea of CityGML is to reach a common definition and understanding of the basic 
entities, attributes and relations included in a 3D city model. This common definition includes 
not only the geometry of objects, but also the semantics. Geometry and semantics can be 
realized through standards defined by the ISO 19100 family framework for the modelling of 


geographic features. 


So, a contribution was - in this research - introduced related to the issue: to what extent 
CityGML standards can be a feasible solution which can be used for - and among other -the 


documentation of cultural heritage sites. 


Depending on results of Baalbek’s CityGML Modelling, it is so clear that CityYGML provide 
huge supports for 3D digital representation of details to be modelled. Furthermore, it allows 
the semantic modelling which requires the appropriate qualification of 3D data. It gives the 
possibility for users (e.g. archaeologist, architects) to know what each geometric object in 
Baalbek model means (e.g. name, address, historic data, etc.). In that case, it enables to 


analyse and interpret all data available based on for e.g. the archaeology point of view. 
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8.3. Outlook 


In the broader concept of the documentation and creation of high realistic 3D modelling of the 
archeological sites and historical buildings, there are still issues that request to be investigated 
and studied sufficiently in order to have further progress and improvements. In the context of 


historic Baalbek, these issues could be summarized as following: 


e Further accurate measurements (e.g. GPS measurements) in Baalbek’s local coordinate 
system can be achieved, which can be also applied in the orientation process in order to 


improve and verify the results of adjustment problem. 


e Integration between the photogrammetric data set resulted based on Baalbek’s historical 
images and a new data set acquired using advanced technologies like laser scanning. This 
integration is an essential task, due to that the 3D documentation of historical sites is 
interdisciplinary, therefore it should be discussed and analysed from different points of 
view. In addition, the usage of laser scanning in documenting of cultural heritage sites is 
considered an effective technique due to different advances for e.g. it allows for the fast 


and reliable generation of millions of 3D points representing an object scanned. 


e Developing of Baalbek Web Application - generated in this research - using the innovative 
techniques related to. This will allow an interactive representation of a context that can be 


easily understood by all users. 
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APPENDIX 
Appendix A 


Sketches referred to different control points measured by Tachymeter 


Figure (A.1): Sketch_1 showing control points like: 1230, 1236. 1234 etc. which were 


measured using Tachymeter in the local coordinate system in Baalbek (source: Department 


for Surveying BTU-Cottbus) 
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Figure (A.2): Sketch_2 showing control points like: 1070, 1071. 1234 etc. which were 


measured using Tachymeter in the local coordinate system in Baalbek (source: Department 


for Surveying BTU-Cottbus) 
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Appendix B 
Reference coordinates Measured coordinates 
Fiducial point (mm) (pixel) 
x y x y 
1 0.0000 55.0000 3098.0000 367.0000 
2 80.0000 0.0000 5895.6250 | 2396.3750 
3 0.0000 -55.0000 3123.2500 | 4463.2500 
4 -80.0000 0.0000 317.7500 2426.4167 


Table (B.1): Coordinates of fiducial marks in pixel and ideal system 
Sigmao = 0.78733 
Transformation parameters: 


-88.998937 
65.252615 


0.028741 
-0.000145 


-0.000177 
-0.026853 
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PROGRAM SYSTEM PICTRAN-B (VERSION4.3 (C) TECHNET (1995-1998) 


OUTPUT OF MODULE BUNBIL 
BUNDLE ADJUSTMENT 


PROJECT: Baalbek’s Vertical Images 


LEGEND OF THE MODULE BUNBIL 


< 
LÉ 


RESIDUAL 

STANDARD DEVIATION OF OBSERVATIONS A PRIORI 
REDUNDANCY NUMBER 

PROBABLE DIMENSION OF A BLUNDER 
DISPLACEMENT IF OBSERVATION DOES NOT TAKE PART OF THE ADJUSTMENT 
NORMALIZED RESIDUAL 

THRESHOLD VALUE FOR NOT TRACEABLE BLUNDERS 
EFFECT OF GRZW ON THE RELATIVE POSITION 
STANDARD DEVIATION OF UNKNOWNS 

STATE (0=FIX, 1=UNKNOWN, 2=0BSERVED) 
BLUNDER IS SUPPOSED 


Zz 
< 
WMUNMMNNNNNI 
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IMAGE- AND OBJECT DATA = 


NU. OF IMAGES 14 
NU. OF IMAGE POINTS 153 
NU. OF OBJECT POINTS 51 
NU. OF CONTROL POINTS 36 
NU. OF CAMERAS 1 
NU. OF PLANES (] 
NU. OF DISTANCES (] 
NU. OF DIFFERENCES (] 


ITERATIONS 
ITERATION UNKNOWNS RIGHT SIDE TIME [s] 
1 0.1000E+11 0.1818E+12 0.01 
2 0.7506E+01 0.2894E+10 0.03 
3 0.6297E-01 0.9368E+07 0.04 
4 0.1407E-02 0.1246E+07 0.04 
5 0.1306E-03 0.6487E+05 0.06 
6 0.8825E-05 0.8434E+04 0.08 
7 0.8804E-06 0.4390E+03 0.09 
8 0.5963E-07 0.5707E+02 0.11 


= DATA OF THE ADJUSTMENT == 


OBSERVATIONS (0B) 549 
UNKNOWNS (UN) 305 
NU. CONSTR. EQUATIONS (CON) 14 
REDUNDANCY (OB-UN+CON) 258 
SUM OF REDUNDANCY NUMBERS 258.000 
NU. OF DIAGONAL SUBMATRICES 219 
NU. OF ALL SUBMATRICES 939 
NU. OF ALL SINGLE ELEMENTS 12207 
menmnnnmenmnennnmmmnnnnnmenmenmnnmenmennmennenmnnmennens OBJECT COORDINATES -----"""""mmmmmmmmmmmemmenmmmmnmmemmmmmenmemmnmmmene 
POINT -NU X BEOBX VX MFVX EVX GFX EKX NVX GRZWX EGKX MX STAX 
Y BEOBY NY MFVY EVY GFY EKY NVY GRZWY EGKY MY STAY 
Z BEOBZ NZ MFVZ EVZ GFZ EKZ NVZ GRZWZ EGKZ MZ STAZ 
5026 10125.234849 10125.054537 0.1803 0.5000 0.313 -0.575 -0.395 0.644 3.689 2.533 0.3424 2 
10711.965651 10712.091391 -0.1257 0.5000 0.319 0.394 0.268 0.445 3.655 2.488 0.3409 2 
1159.213004 1159.162952 0.0501 0.5000 0.024 -2.068 -2.018 0.643 13.273 12.952 0.4082 2 
5027 10025.176834 10025.471748 -0.2949 0.5000 0.217 1.356 1.061 1.265 4.428 3.465 0.3655 2 
10467.160067 10467 .091392 0.0687 0.5000 0.214 -0.320 -0.251 0.297 4.459 3.502 0.3662 2 
1162.507849 1162.524233 -0.0164 0.5000 0.027 0.600 0.584 0.198 12.496 12.155 0.4075 2 
5010 9667.272549 9667.051002 0.2215 0.5000 0.194 -1.145 -0.923 1.007 4.694 3.786 0.3711 2 
10635.163952 10635.295018 -0.1311 0.5000 0.196 0.668 0.537 0.592 4.663 3.748 0.3705 2 
1142.615488 1142.635128 -0.0196 0.5000 0.011 1.755 1.735 0.371 19.519 19.300 0.4109 2 
5011 9672.541012 9672.346554 0.1945 0.5000 0.199 -0.980 -0.785 0.873 4.635 3.715 0.3699 2 
10614.115124 10614.233187 -0.1181 0.5000 0.202 0.584 0.466 0.525 4.594 3.665 0.3691 2 
1143.425553 1143.438073 -0.0125 0.5000 0.010 1.240 1.228 0.249 20.552 20.345 0.4111 2 
5012 9516.316211 9516.171137 0.1451 0.5000 0.165 -0.877 -0.732 0.713 5.078 4.238 0.3775 2 
10627.226897 10627.612981 -0.3861 0.5000 0.175 2.209 1.823 1.847 4.939 4.076 0.3754 2 
1156.275652 1156.345672 -0.0700 0.5000 0.020 3.532 3.462 0.995 14.667 14.376 0.4091 2 
5013 9738.324918 9738.059774 0.2651 0.5000 0.194 -1.364 -1.098 1.203 4.683 3.772 0.3709 2 
10647.396700 10647 .411481 -0.0148 0.5000 0.196 0.075 0.061 0.067 4.666 3.752 0.3705 2 
1140.263137 1140 .248962 0.0142 0.5000 0.010 -1.396 -1.382 0.281 20.492 20.284 0.4111 2 
5014 9686.082138 9686.278919 -0.1968 0.5000 0.280 0.702 0.505 0.743 3.900 2.807 0.3505 2 
10322.382577 10322.447764 -0.0652 0.5000 0.286 0.228 0.162 0.244 3.859 2.753 0.3490 2 
1145.656345 1145.595395 0.0610 0.5000 0.030 -2.029 -1.969 0.703 11.916 11.558 0.4069 2 
5015 9736.056904 9736.276893 -0.2200 0.5000 0.285 0.773 0.553 0.825 3.871 2.769 0.3495 2 
10308 .649779 10308 .590641 0.0591 0.5000 0.291 -0.203 -0.144 0.219 3.830 2.717 0.3480 2 
1153.745552 1153.728275 0.0173 0.5000 0.035 -0.488 -0.471 0.184 10.973 10.585 0.4058 2 
5000 9615.097723 9615.173183 -0.0755 0.5000 0.179 0.423 0.347 0.357 4.886 4.014 0.3745 2 
10025 .491399 10025.358059 0.1333 0.5000 0.200 -0.665 -0.532 0.596 4.613 3.688 0.3695 2 
1177.546917 1177.603267 -0.0563 0.5000 0.043 1.300 1.244 0.541 9.919 9.489 0.4041 2 
5001 9609.789619 9609.860935 -0.0713 0.5000 0.178 0.400 0.329 0.338 4.892 4.021 0.3746 2 
10031.297008 10031.177351 0.1197 0.5000 0.199 -0.601 -0.481 0.536 4.626 3.705 0.3698 2 
1168.194399 1168.244753 -0.0504 0.5000 0.041 1.232 1.182 0.498 10.216 9.799 0.4047 2 
5002 9521.355210 9521.473975 -0.1188 0.5000 0.160 0.741 0.622 0.593 5.158 4.331 0.3786 2 
9968.862158 9968.943050 -0.0809 0.5000 0.167 0.485 0.404 0.396 5.058 4.215 0.3772 2 
1076.393487 1076.408245 -0.0148 0.5000 0.023 0.643 0.628 0.195 13.633 13.320 0.4084 2 
5003 9524.749304 9524.862488 -0.1132 0.5000 0.162 0.701 0.588 0.563 5.138 4.308 0.3784 2 
9975.511997 9975.585043 -0.0730 0.5000 0.169 0.433 0.360 0.356 5.027 4.179 0.3767 2 
1079.528652 1079.544661 -0.0160 0.5000 0.023 0.691 0.675 0.210 13.564 13.250 0.4084 2 
5004 9659.600076 9659.613878 -0.0138 0.5000 0.172 0.080 0.067 0.067 4.982 4.126 0.3760 2 
10088 .985845 10088.749159 0.2367 0.5000 0.200 -1.182 -0.946 1.058 4.615 3.692 0.3695 2 
1183.463116 1183.494726 -0.0316 0.5000 0.048 0.664 0.633 0.290 9.466 9.016 0.4032 2 
5005 9667.923941 9667.942348 -0.0184 0.5000 0.169 0.109 0.090 0.089 5.019 4.170 0.3766 2 
10082.467510 10082.207060 0.2605 0.5000 0.201 -1.296 -1.036 1.162 4.607 3.681 0.3694 2 
1195.398760 1195.437668 -0.0389 0.5000 0.050 0.772 0.733 0.347 9.200 8.737 0.4027 2 
menmnnmmenmnnnnmmnenmnnmmenmenenmmmenmnnnmenmenmnnmennenne IMAGE COORDINATES ------"mmmonmommmmmmnmmmmmmmmemmmmmmemmmmmnmmmeue 
SYSTEM-NU POINT -NU X BEOBX VX MFVX EVX GFX EKX NVX GRZWX EGKX 
Y BEOBY NY MFVY EVY GFY EKY NVY GRZWY EGKY 
1981 1002 -23.108850 -23.246600 0.1377 0.3000 0.823 -0.167 -0.030 0.506 1.366 0.242 
10.800981 10.778000 0.0230 0.3000 0.828 -0.028 -0.005 0.084 1.361 0.234 
1981 1003 -23.676760 -23.792300 0.1155 0.3000 0.828 -0.140 -0.024 0.423 1.362 0.235 
9.674592 9.588100 0.0865 0.3000 0.832 -0.104 -0.017 0.316 1.358 0.228 
1981 1077 -15.888516 -16.031400 0.1429 0.3000 0.522 -0.274 -0.131 0.659 1.716 0.821 
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1981 


1981 


1981 


1981 


1981 


1981 


1981 


1982 


1982 


1982 


1982 


1982 


1982 


1982 


1982 


1982 


1982 


1982 


1982 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1991 


1993 


1993 


1993 


1993 


4027 


4028 


4029 


4030 


4041 


5026 


5027 


1002 


1003 


1077 


1110 


1116 


1136 


1142 


1147 


1151 


1208 


4019 


4020 


1002 


1110 


1116 


1136 


1142 


1208 


4019 


4020 


5010 


5011 


5012 


5013 


5014 


5015 


1002 


1003 


1022 


1077 


-67. 
-47. 


937640 
063267 


.702624 
. 250928 


.373469 
. 386078 


.-301676 
.864991 


.193038 
.635624 


. 899978 
.431864 


. 249607 
.438561 


. 248375 
.298755 


.965410 
.170716 


.142177 
.459086 


. 322022 
.019563 


. 344355 
. 729507 


.473912 
. 944966 


. 364699 
.426552 


.646737 
.006161 


.436432 
. 221332 


.551976 
. 544106 


.912340 
.513348 


.387975 
.863911 


.850551 
. 666398 


. 882194 
. 765848 


.492811 
.939877 


.231794 
.984883 


. 989225 
.497064 


.787292 
.712676 


.101300 
. 268228 


. 395221 
. 595166 


.495527 
.964820 


. 385208 
. 291844 


.030971 
.928737 


.085296 
. 598798 


.871608 
.719500 


.878637 
.275314 


. 300502 
.027430 


.936144 
.347881 


.465967 
.813792 


. 211928 
.411126 


-67. 
-47. 


787200 
055100 


. 623600 
.267900 


.373200 
.403900 


.217900 
.001900 


. 224200 
. 629100 


.196200 
.667700 


. 880300 
.627300 


.168400 
.519400 


. 888200 
.377500 


.801300 
.446100 


.436200 
.823400 


.242300 
.912900 


. 718800 
.436100 


. 524500 
.810700 


. 704200 
.129200 


. 285000 
.288100 


.377600 
. 748400 


. 945800 
.812100 


. 695300 
.487300 


. 528700 
.054800 


. 850400 
.653500 


. 020600 
.033900 


. 314500 
. 608100 


.913000 
. 208400 


.213700 
.873500 


.473200 
. 820100 


.674000 
.168100 


. 241900 
. 930500 


.165400 
.267600 


. 786800 
.058100 


.792500 
. 715200 


. 800200 
.003600 


. 666300 
.489700 


.351200 
.096300 


. 980600 
.433500 


. 384300 
.935100 


.199300 
.238700 


-0. 
-0. 


-0. 
-0. 


-0. 
-0. 


-0. 
-0. 


1504 
0082 


.-0790 
-0170 


.- 0003 
.-0178 


.-0838 
-1369 


-0312 
.-0065 


. 2962 
.2358 


3693 
1887 


.0800 
.2206 


.-0772 
. 2068 


. 3409 
.-0130 


.-1142 
.1962 


1021 
1834 


. 2449 
. 5089 


.1598 
.-6159 


.-0575 
.1230 


.1514 
.-0668 


.1744 
. 2043 


.-0335 
.7012 


.3073 
.-3766 


. 3219 
. 3884 


.-0318 
.-1123 


.4722 
.-0940 


-0827 
.3768 


.-0762 
.2887 


.5736 
.1608 


.-3719 
.4481 


.2788 
.4271 


.2536 
.-0343 


. 2198 
.0242 


. 2442 
.1294 


2928 
1164 


.-0714 
.2841 


.2123 
.2144 


-0507 
.-0689 


.0445 
.-0856 


-0817 
.1213 


.-0126 
.1724 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


. 3000 
. 3000 


.704 
.746 


.-857 
.-873 


.858 
.-871 


.-839 
.840 


. 828 
.-835 


.712 
.721 


-631 
.682 


.757 
.793 


.752 
.789 


.-865 
-851 


.-897 
.- 900 


.-886 
.-868 


.-818 
. 829 


.-817 
. 829 


.773 
.779 


.780 
.788 


.874 
.854 


.844 
.850 


.864 
-861 


.737 
.768 


.-879 
.-907 


.-887 
.-907 


.774 
-811 


.772 
. 809 


.-881 
.-899 


.840 
. 845 


.-857 
.-857 


.753 
.739 


.764 
.751 


.-653 
.623 


.752 
.741 


.730 
.731 


.712 
.730 


.629 
.707 


.-615 
.-697 


.773 
.793 


.-815 
.-807 


-0. 
-0. 


.214 
.-011 


.092 
.019 


.000 
.020 


.100 
.163 


.038 
.008 


416 
327 


.585 
-277 


.-106 
.278 


.103 
.262 


.394 
.-015 


.127 
.218 


.115 
.211 


.299 
.613 


.-196 
.743 


.074 
.158 


.194 
.085 


.199 
.239 


.040 
.825 


.-356 
.438 


.437 
. 506 


.-036 
.124 


.532 
.104 


.107 
.465 


.099 
.-357 


.651 
.179 


.443 
.530 


.325 
.498 


.-337 
.-046 


. 288 
.032 


.374 
.208 


.389 
.157 


.098 
.389 


. 298 
.294 


.081 
.097 


.072 
.123 


.-106 
.153 


.-015 
.214 


-0. 
-0. 


.063 
.003 


.-013 
.002 


.000 
.003 


-016 
.-026 


.-006 
-001 


120 
091 


.-216 
.088 


.-026 
.058 


.025 
.055 


.053 
.002 


.-013 
.022 


.-013 
.028 


.054 
.105 


-036 
.127 


-017 
.035 


.043 
.018 


.025 
.035 


.-006 
.123 


.048 
-061 


.115 
.118 


.-004 
-011 


.060 
.-010 


.-024 
.088 


.022 
.-068 


.077 
.018 


-071 
.082 


.-046 
-071 


.083 
.-012 


.068 
.008 


.130 
.078 


.-096 
.-041 


.-026 
.105 


.-086 
.079 


.-030 
.029 


.028 
-037 


.024 
.032 


.003 
.-041 


.598 
-032 


.285 
-061 


-001 
.-064 


.-305 
.498 


-114 
.024 


-170 
.-926 


. 550 
.762 


-306 
.826 


.297 
.776 


.222 
.047 


.402 
.689 


.-361 
.-656 


.902 
.862 


.589 
.255 


.218 
.465 


.571 
.251 


.622 
.737 


-121 
.535** 


.-102 
.353 


. 249 
.478 


-113 
.393 


.671 
. 329 


.-313 
395 


. 289 
-070 


.037 
.565 


.353 
.625 


.-004 
.538 


.974 
-133 


.838 
.-093 


.-007 
.546 


.125 
.451 


.279 
.108 


.839 
-836 


.-213 
.273 


.189 
.342 


.-310 
.454 


.047 
.640 


.477 
.435 


.338 
.-326 


.338 
. 328 


.353 
.352 


.362 
.-356 


.468 
.459 


.560 
. 500 


.424 
.392 


.429 
.395 


.332 
. 343 


.308 
.-306 


.-316 
.330 


.370 
.360 


.-371 
.-361 


.409 
.404 


.403 
.-396 


.325 
.341 


. 349 
.344 


.-333 
.335 


.443 
.414 


.321 
.301 


.-316 
.301 


.408 
.-376 


.410 
-377 


. 320 
.-306 


.352 
. 348 


.338 
.338 


.428 
.442 


.417 
.430 


.533 
.569 


.429 
.439 


.451 
.449 


.469 
.450 


.562 
.474 


. 580 
.484 


.410 
.392 


-373 
.379 


.437 
.365 


.191 
.169 


-190 
-171 


.218 
.217 


.234 
.223 


.422 
.407 


.575 
.477 


.347 
. 288 


.355 
.295 


.180 
.201 


-135 
.130 


.-150 
-176 


. 249 
.232 


.251 
233 


.319 
.310 


.308 
296 


.167 
-196 


.-210 
.201 


-181 
-186 


.379 
. 328 


.159 
.121 


.149 
-121 


.318 
.261 


.321 
.262 


.157 
-131 


.217 
. 209 


-191 
.192 


.352 
.377 


.334 
.-356 


.532 
.591 


.354 
.372 


.392 
.-390 


.424 
.-391 


.579 
.433 


.608 
.450 


.321 
. 289 


.254 
.266 


1993 


1993 


1993 


2026 


2026 


2026 


2026 


2026 


1984 


1984 


1984 


1984 


1984 


1984 


2025 


2025 


2025 


2025 


2025 


2025 


2025 


2033 


2033 


2033 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1110 


1116 


1208 


1002 


1003 


1077 


1116 


1208 


1003 


1077 


1116 


1147 


1151 


1208 


1077 


1116 


1136 


1142 


1208 


4028 


4029 


1077 


1116 


1208 


1110 


1116 


1136 


1142 


1147 


1208 


1239 


1240 


4015 


4016 


4019 


4020 


5010 


5011 


BN 
GO 


& 
o 


Bo 
© © 


[a] 
1 


rs 
re 


re 
re 


oœ 
ré 


oo 
rés 


B 
© 


B 
h 


N 
oo 


o 
rs 


o 
rs 


[a] 
© 


-25 


.174014 
. 243354 


. 585405 
. 518130 


.783849 
.612950 


.112597 
. 540383 


.541416 
. 240118 


. 219440 
. 541083 


.425316 
.263729 


.625702 
. 262398 


.147711 
.378518 


.126184 
.790749 


. 889422 
. 326691 


.883865 
. 569554 


.237657 
. 798913 


.497044 
. 322883 


.670934 
.107697 


.658124 
.498089 


.452872 
.789536 


. 340914 
. 286984 


.679012 
. 540179 


.556076 
.394815 


.088185 
.050969 


.012881 
.485675 


.700165 
.357014 


.753082 
.968180 


.414758 
.-013791 


.817985 
.-316083 


.247410 
. 593598 


.150089 
.059880 


. 306846 
.602654 


.968111 
. 596247 


.489791 
.861961 


. 802843 
.-113016 


.210691 
.956075 


. 750085 
.537465 


. 345911 
.105357 


.965579 
. 343368 


. 642246 
. 282869 


.469408 


hB N 
& 


& 
o 


bo 
© © 


w 
1 


re 
re 


rs 
re 


oœ 
ré 


oœ 
res 


B 
© 


B 
© 


N 
oo 


o 
rs 


oo 
(al 


[2] 
© 


.215200 
.125300 


. 528000 
. 842800 


.782900 
. 846100 


.103400 
. 600500 


. 334200 
. 234800 


.175600 
.453300 


. 308800 
. 308200 


.470500 
.275700 


.031000 
. 516600 


. 866500 
. 649200 


. 890000 
. 301100 


.663700 
.664400 


.357900 
.752800 


.233400 
. 312200 


.577000 
. 515000 


.733500 
.733200 


.207500 
. 589100 


.041500 
.144200 


.789300 
.387700 


.798700 
. 599500 


. 318000 
. 958600 


.907400 
. 526800 


.683900 
. 376500 


. 664900 
.-911700 


. 378900 
. 944600 


.210100 
. 213900 


.002900 
.281700 


. 888000 
.773600 


. 009900 
.672300 


.338400 
.404100 


.714400 
.738900 


. 202600 
.082000 


.213500 
. 642000 


.842100 
.002300 


. 656300 
.115400 


. 248100 
. 344400 


. 518500 
.442500 


. 354500 


-0. 
-0. 


-0. 
-0. 


1983 


1983 


1983 


1983 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


1980 


5012 


5013 


5014 


5015 


1110 


1116 


1147 


1208 


1239 


1240 


4008 


4009 


4010 


4012 


4013 


4015 


4016 


4017 


4019 


4020 


5014 


5015 


1147 


4008 


4009 


4010 


4012 


4013 


4015 


4016 


4017 


5000 


5001 


5002 


5003 


5004 


5005 


66. 
25. 


.059991 


. 258527 
.172196 


.752641 
.178740 


.-816111 
.647643 


. 200277 
. 506048 


. 649303 
.883125 


. 239285 
.457418 


.482133 
.487301 


.386513 
.864052 


.818014 
.643712 


.134633 
. 006942 


. 360544 
.772056 


. 822385 
. 356308 


. 392492 
. 722898 


. 806010 
. 223508 


.281672 
.783569 


.991240 
.360879 


.465288 
.051221 


.641814 
. 856503 


.191145 
.015217 


. 826887 
.408483 


. 724647 
.037944 


.973650 
. 334927 


.770013 
.874455 


. 896824 
. 504546 


.307127 
.866749 


.237732 
.985797 


.337819 
. 263049 


.757220 
. 846064 


.041662 
.013749 


. 321494 
.852054 


. 520270 
. 326278 


.887519 
.315396 


.198001 
.932419 


.312890 
. 849732 


.957913 
.-336176 


. 690685 
.643014 


193497 
740337 


66. 
25. 


.201600 


.867700 
.-116100 


. 788400 
.450700 


. 843300 
.719800 


. 325100 
. 652900 


.557200 
. 906600 


.704700 
.105900 


. 209600 
.401700 


.872500 
. 736800 


. 206300 
. 544500 


.492400 
.801500 


.252100 
.426500 


.682500 
.942700 


.498100 
.712700 


.922100 
. 375000 


.495500 
.891100 


.203100 
. 304400 


. 695800 
.145400 


.950700 
.641100 


.499400 
. 943800 


. 988200 
. 330600 


.710400 
.088800 


.837600 
.463700 


.695700 
.783700 


.550700 
. 244900 


. 000000 
. 586300 


. 304300 
.057700 


.275400 
.130500 


. 724600 
. 626000 


.391300 
.118800 


.927500 
.158100 


.434800 
.921800 


.826100 
.287200 


.159400 
. 960900 


.275400 
.196800 


.927500 
. 646900 


. 630400 
. 859300 


130400 
967400 


.759 
.-776 


.083 
.292 


.020 
.065 


.241 
.859 


.423 
.-406 


. 344 
315 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1989 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


1986 


2032 


2032 


2032 


2032 


2032 


2032 


2032 


2032 


2032 


4005 


4006 


4007 


4008 


4009 


4010 


4012 


4013 


4017 


5000 


5001 


5002 


5003 


5004 


5005 


4027 


4028 


4029 


4030 


4032 


4037 


4038 


4041 


4042 


4045 


5025 


5026 


5027 


4027 


4028 


4029 


4030 


4032 


4037 


4038 


4041 


5025 


-36. 
40. 


11. 
12. 


945705 
305070 


. 835993 
.410357 


.134277 
. 269358 


.861356 
.383654 


.251385 
.956191 


. 514200 
. 508438 


.154010 
. 860433 


.578677 
.443324 


. 385560 
.428420 


.858812 
. 506309 


. 340000 
.134665 


. 509538 
.894671 


.205740 
. 364039 


.699737 
.811901 


.053806 
. 898939 


.080001 
.617846 


. 888689 
.987902 


.121768 
.739997 


.333364 
.455575 


. 321378 
.661067 


.090637 
. 230418 


.854062 
. 321469 


.332738 
.319877 


.666181 
. 292058 


. 235689 
. 546924 


. 560453 
. 922248 


. 596022 
.172683 


.070155 
.073304 


.937456 
.861258 


. 396214 
.658074 


. 629450 
. 291203 


. 659864 
. 524674 


. 258020 
.547873 


.947316 
.311964 


.915347 
.485768 


. 844594 
. 712183 


196676 
605981 


-36. 
40. 


11. 
12. 


696900 
249200 


.597500 
.713800 


. 735200 
.657100 


. 890100 
.459400 


.438800 
. 263500 


. 630000 
. 665900 


.188300 
.747500 


.679700 
.278200 


.138600 
. 551900 


.675900 
. 586400 


.152000 
.149100 


.515300 
.001900 


.199800 
.450600 


.463700 
.834100 


. 790600 
.927500 


.141600 
. 996900 


.023200 
.812800 


.189400 
.532400 


.974900 
.275100 


. 300800 
.921500 


.934100 
.042900 


. 720200 
.622400 


. 620900 
. 239500 


.468200 
. 555400 


. 363800 
.480100 


.587200 
.007300 


. 584500 
.058100 


.185600 
. 208200 


.734200 
.495800 


. 348400 
. 545900 


.791700 
.422800 


.461600 
.681600 


.436700 
. 558500 


.713100 
.157600 


. 845500 
. 654500 


. 200600 
.019800 


271600 
742200 


-0. 
-0. 


-0. 
-0. 


-0. 
-0. 


. 2488 
.-0559 


.2385 
. 3034 


.- 6009 
-3877 


.-0287 
-0757 


.1874 
.-3073 


.1158 
.1575 


.-0343 
-1129 


-1010 
.-.1651 


.2470 
.1235 


.1829 
.-0801 


.-1880 
.-0144 


.0058 
.1072 


.-0059 
.-0866 


.2360 
.0222 


.2632 
.0286 


-0616 
.3791 


.1345 
.1751 


-0676 
.2076 


.3585 
.1805 


0206 
2604 


.1565 
.1875 


-1339 
. 6991 


2882 
0804 


.1980 
.2633 


.1281 
.-0668 


.-0267 
.0851 


-0115 
-1146 


.1154 
.-1349 


. 2033 
.3655 


.0478 
.1122 


.1623 
-1316 


.1983 
.-1569 


.-1787 
-0106 


.2342 
.1544 


.-0698 
-1687 
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.-3076 
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.765 
.798 
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.795 


.736 
.769 


.-919 
-916 


.920 
-917 


.904 
.-910 


-876 
.-881 


.-873 
-877 


.549 
.534 


.-802 
.- 809 


. 808 
-816 


.-819 
.-830 


.821 
-831 


.772 
.-776 


.753 
.759 


.-878 
.895 


.-903 
.904 


.-903 
. 909 


.-873 
.-855 


.741 
. 748 


.-881 
.-895 


.-819 
-851 


.882 
.899 


.843 
-857 


.-390 
.575 


.644 
.643 


.797 
.791 


.-651 
.-681 


. 825 
-807 


. 845 
.-863 


. 822 
.840 


.-812 
.794 


.-699 
.720 


.- 869 
.874 


.793 
.-826 


-777 
.780 


.602 
.-633 


-0. 
-0. 


-0. 
-0. 


.325 
.-070 


.-312 
.382 


.-816 
.504 


.-031 
.083 


.204 
.335 


.128 
.173 


.-039 
.128 


-116 
.188 


.450 
.231 


. 228 
.099 


.-233 
.018 


.007 
.129 


.007 
.104 


.-306 
.029 


.350 
.038 


.070 
.424 


.149 
.194 


.-075 
. 228 


.411 
.211 


.028 
. 348 


.178 
.210 


.164 
.821 


.327 
.089 


235 
307 


. 329 
-116 


.042 
.132 


.014 
.145 


.-177 
.198 


.246 
.453 


.-057 
.130 


.197 
.157 


244 
198 


.256 
.015 


.270 
.177 


.088 
.204 


.458 
.-395 


.124 
.215 


-0. 
-0. 


-0. 
-0. 


.-076 
.-014 


.073 
.078 


.215 
.-116 


.-003 
.-007 


.-016 
.028 


.-012 
-016 


.005 
-015 


-015 
.023 


. 203 
.108 


.045 
.019 


.045 
.003 


-001 
.022 


-001 
.-018 


.070 
.-006 


.-086 
.009 


.009 
.045 


.-014 
.-019 


.007 
.-021 


.052 
-031 


.007 
.088 


-021 
.022 


.-030 
.122 


.038 
.009 


037 
044 


.201 
.049 


.015 
.047 


.003 
.030 


.062 
.063 


.043 
.088 


.009 
.018 


.035 
.025 


046 
041 


.077 
.-004 


.035 
.022 


.018 
-036 


.102 
.087 


.050 
.079 


.948 
. 208 


. 909 
.134 


.334 
.474 


.-100 
.264 


.-651 
-070 


-406 
.550 


.122 
.401 


.-360 
.588 


-111 
.563 


.-681 
.297 


.697 
.-053 


-021 
. 392 


.022 
-316 


-896 
.-084 


-011 
.109 


.-219 
-336 


.472 
.-614 


.237 
.726 


.279 
.-651 


.080 
.-004 


.-556 
.-661 


.493 
.525** 


.-023 
.283 


.719 
.948 


.684 
.294 


-111 
.354 


.-043 
.429 


.477 
.545 


.746 
-356 


.173 
.403 


.-596 
.478 


.733 
.587 


.712 
.042 


.838 
.550 


.-261 
.619 


.-346 
-161 


. 322 
.571 


.416 
.387 


.417 
.-390 


.444 
.413 


.292 
.294 


.292 
.294 


.303 
.299 


.323 
. 320 


.326 
323 


.672 
.-696 


.384 
.378 


.378 
.372 


.369 
.360 


.368 
.359 


.410 
.406 


.428 
.422 


. 322 
.310 


.304 
.303 


.304 
.300 


. 326 
. 340 


.440 
.433 


. 320 
.310 


.369 
.343 


.319 
.-306 


. 349 
.338 


.985 
.634 


.544 
.545 


. 388 
.393 


.-536 
.502 


.364 
.379 


. 348 
.334 


.-366 
.351 


.375 
.391 


.482 
.460 


. 329 
.325 


.392 
.-363 


.405 
.403 


.597 
.557 


.332 
.280 


.-333 
.285 


.-381 
.326 


.-104 
.-108 


.-103 
.107 


.125 
.117 


.-164 
.157 


.169 
-163 


.755 
.791 


.275 
.263 


.264 
.253 


. 248 
-231 


.245 
.229 


. 322 
.-315 


.353 
.343 


-161 
.138 


.127 
-126 


-126 
.-119 


.169 
.195 


.373 
-361 


.158 
.138 


. 248 
. 200 


.155 
-131 


-211 
.191 


-211 
.694 


.550 
.552 


.282 
.291 


.537 
.480 


.238 
.267 


.210 
.-183 


. 243 
-216 


.258 
.287 


.446 
.408 


.175 
.167 


.288 
.237 


.-313 
. 309 


-636 
.571 
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2032 5026 24.078963 24.054700 0.0243 0.3000 0.780 -0.031 -0.007 0.092 1.403 0.308 

-30.666890 -30.654500 -0.0124 0.3000 0.767 0.016 0.004 0.047 1.414 0.329 
monmnnnmenmenmnnnenmmenmenmenmmnmenmmnnmnmnnnnns PRINCIPAL POINT AND FOCAL LENGTH ---------------------------------------- 
CAMERANAME Xe BEOBX0 Vxo MFVXO EVXO GFXO EKXO NVXO GRZWXO  EGKXO MXO  STAXO 
Yo BEOBYO vyo MFVYO EVYO GFYO EKYO NVYO GRZWYO  EGKYO MYO STAYO 
C BEOBC VC MFVC EVC GFC EKC NVC GRZWC EGKC MC STAC 
baalbek-61 -0.069894 0.000000 -0.0699 0.5000 0.039 1.781 1.711 0.706 10.424 10.015 0.4050 2 
-0.049059 0.000000 -0.0491 0.5000 0.036 1.359 1.310 0.516 10.869 10.477 0.4057 2 
200.253031 200 .000000 0.2530 0.5000 0.418 -0.605 -0.352 0.782 3.193 1.857 0.3151 2 


nosnsnenesenessenesnseneneenesnensonesnessensensence CONTROL OF THE ADJUSTMENT -----------------.---------_._._._-______._._._____. 


TOTAL IMAGE COORD PROJ.CENT OBJECT COORD DIS DIF PLANE PO PLANE PARAM PRINC PO+C 

REDUNDANCY 258.000000 240 .996959 9.788426 6.720941 0.000000 0.000000 0.000000 0.000000 0.493674 

SIGMA 0.826395 0.830752 0.794084 0.712721 1.000000 1.000000 1.000000 1.000000 0.760162 

VTPV 176.195421 166.323820 6.172284 3.414050 0.000000 0.000000 0.000000 0.000000 0.285268 
Henmmsnnnnmennnmnnnnnenmnnnnnennennnennnsnnsnsnsnssssnnsnnsenennsssnennnennensnnnssssnnessssnnssssenssnsssssssnessnsssmesnsnsnsnnse + 

| DATE : 07/03/20 10:05:31 PAGE: 23 


| PROJECT: GRUPPE 
Henmmnnnnnmennnnnsnnnnnnnnnnnssnesnnennnesnensnensssnensnnsnnesnsssnesnnesnsssnsnsnssenesssssnssnssnsssnssssssssssnsssnssnssnsssse + 


TERMINATION LIMIT REACHED AFTER 8. ITERATIONS 
TOTAL TIME OF CALCULATION [MIN] 0.0 


MAXIMUM NORMALIZED RESIDUAL AT: IMAGE COORDINATES 
SYSTEM NU. : 1982 
POINT NU .: 4019 
NORMALIZED RESIDUAL (NV): 2.53 


Appendix D 


Image | Point X; (m) Yi (m) Zi (m) Di(m) |di(cm)| Ms 


1110 | 9730840 | 10414949 | 1156.706 
20878: | 1008: :| 9922737 | 10629484 | tisse | 7200). 969 | M 


1003 | 9922737 | 10629434 | 1158.164 
20886 | 1077 | 9759969 | 10575893 | 1163317 | 7142 | 520 | 3299 


1077 | 9759969 | 10575.893 | 1163.317 
20891 "1110 | 9730840 | 10414949 | 1156706 | 1762] 31 | 3082 


1110 | 9730840 | 10414949 | 1156.706 
20892 | 1116 | 9699.321 | 10496582 | 1158154 | 9719 | 254 | 3448 


1110 | 9730840 | 10414949 | 1156.706 
20893 | 4020 | 9814.598 | 10350906 | 1170.192 | 002% | 313 | 3400 


1110 | 9730840 | 10414949 | 1156.706 
20899 is | 9699.321 | 10496582 | 1158154 | #71 | 189 | 4677 


Average 3866 


Table (D.1): Determination of the oblique image scale numbers 
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Appendix E 


PROGRAM SYSTEM PICTRAN-B (VERSION4.3  (C) TECHNET 1995-1998) 


OUTPUT OF MODULE BUNBIL 
BUNDLE ADJUSTMENT 


PROJECT: Baalbek’s oblique images 


LEGEND 


OF THE MODULE BUNBIL 


RESIDUAL 
STANDARD DEVIATION OF OBSERVATIONS A PRIORI 
REDUNDANCY NUMBER 


GF = PROBABLE DIMENSION OF A BLUNDER 

EK = DISPLACEMENT IF OBSERVATION DOES NOT TAKE PART OF THE ADJUSTMENT 
NV = NORMALIZED RESIDUAL 

GRZW = THRESHOLD VALUE FOR NOT TRACEABLE BLUNDERS 

EGK = EFFECT OF GRZW ON THE RELATIVE POSITION 

M = STANDARD DEVIATION OF UNKNOWNS 

STA = STATE (0=FIX, 1=UNKNOWN, 2=OBSERVED) 


BLUNDER IS SUPPOSED 


= BLUNDER IS PROBABLE 


= IMAGE- AND OBJECT DATA == 


NU. OF IMAGES 8 
NU. OF IMAGE POINTS 70 
NU. OF OBJECT POINTS 19 
NU. OF CONTROL POINTS 19 
NU. OF CAMERAS 1 
NU. OF PLANES (ce) 
NU. OF DISTANCES (] 
NU. OF DIFFERENCES (] 


= DATA OF THE ADJUSTMENT == 


OBSERVATIONS (0B) 
UNKNOWNS (UN) 

NU. CONSTR. EQUATIONS ( 
REDUNDANCY (OB-UN+CON) 
SUM OF REDUNDANCY NUMBE 


NU. OF DIAGONAL SUBMATR 
NU. OF ALL SUBMATRICES 


NU. OF ALL SINGLE ELEME 
FILLING OF ATPA [%] 


20886 


20886 


20886 


20886 


20886 


20886 


20886 


20886 


20886 


20886 


20878 


Con) 


RS 
ICES 


NTS 


1003 


1022 


1077 


1110 


1116 


1136 


1142 


1162 


1164 


4020 


1003 


23 
13 


11! 
110.00 
9: 

43 

642 


7 
5 
8 
(e] 
[c] 
8 
3 
3 


0.3196E+02 


.267484 
.862180 


.684257 
. 220538 


.133199 
.652374 


.189401 
.352972 


.561715 
. 845573 


.401845 
.762562 


.676003 
.804675 


. 556055 
.872911 


.463375 
.044093 


.722180 
.876565 


. 345121 
.227314 


. 827697 
.975342 


IMAGE COORDINATES -- 


BEOBX VX 
BEOBY NY 

50.213500 0.0540 0.0800 0 
-13.855600 -0.0066 0.0800 0 
51.567800 0.1165 0.0800 0 
-14.393800 0.1733 0.0800 0 
-11.093100 -0.0401 0.0800 0 
-15.689800 0.0374 0.0800 0 
-1.057000 -0.1324 0.0800 0 
-0.307500 -0.0455 0.0800 0 
-63.668300 0.1066 0.0800 0 
-6.947000 0.1014 0.0800 0 
-36.367800 -0.0340 0.0800 0 
-0.757900 -0.0047 0.0800 0 
-27.614400 -0.0616 0.0800 0 
-26.711700 -0.0930 0.0800 0 
-26.513300 -0.0428 0.0800 0 
-26.711700 -0.1612 0.0800 0 
-28.462200 -0.0012 0.0800 0 

8.138700 -0.0946 0.0800 0 
-27.691500 -0.0307 0.0800 0 

7.941000 -0.0644 0.0800 0 
-85.397600 0.0525 0.0800 0 
-12.389300 0.1620 0.0800 0 
-3.771100 -0.0566 0.0800 0 
-12.065300 0.0900 0.0800 0 


679 -0.079 -0.025 0.819 0.401 
624 0.011 0.004 0.104 0.418 
661 -0.176 -0.060 1.791 0.406 
609 -0.284 -0.111 2.775** 0.423 
858 0.047 0.007 0.541 0.357 
870 -0.043 -0.006 0.502 0.354 
851 0.156 0.023 1.794 0.358 
863 0.053 0.007 0.612 0.356 
778 -0.137 -0.030 1.510 0.374 
790 -0.128 -0.027 1.426 0.372 
858 0.040 0.006 0.459 0.357 
863 0.005 0.001 0.063 0.356 
750 0.082 0.020 0.889 0.381 
774 0.120 0.027 1.321 0.375 
749 0.057 0.014 0.617 0.382 
774 0.208 0.047 2.290 0.375 
781 0.002 0.000 0.017 0.374 
788 0.120 0.025 1.332 0.372 
784 0.039 0.008 0.433 0.373 
791 0.081 0.017 0.906 0.372 
654 -0.080 -0.028 0.811 0.408 
586 -0.276 -0.114 2.645** 0.432 
807 0.070 0.014 0.788 0.368 
700 -0.129 -0.039 1.344 0.395 


0.071 
0.119 


20878 


20878 


20878 


20878 


20878 


20878 


20878 


20878 


20878 


20878 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20905 


20905 


20905 


20905 


20905 


20905 


20905 


20905 


20892 


20892 


20892 


20892 


1022 


1077 


1110 


1116 


1136 


1142 


4019 


4020 


4028 


4029 


1022 


1077 


1110 


1116 


1208 


4019 


4020 


1077 


1110 


1116 


1160 


1162 


1164 


1208 


1228 


1077 


1110 


1116 


1208 


1228 


1240 


4019 


4020 


1110 


1116 


1158 


1160 
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RH 


. 593950 
. 539058 


. 503548 
.460206 


. 869819 
.911920 


. 029943 
.861710 


.211324 
.161808 


.871096 
.412782 


.017223 
.759377 


.954019 
.227429 


. 252958 
.553933 


.912413 
.882216 


.213817 
.288671 


.283102 
.461843 


.401568 
. 768942 


.954284 
.448573 


.987637 
.762117 


.813614 
.488026 


. 892367 
. 382307 


.657191 
.074937 


.618924 
.306877 


.157080 
.276466 


.711668 
.396373 


. 595819 
. 360487 


. 365392 
. 383597 


.948718 
.046195 


. 526031 
.126053 


.454733 
. 369618 


.872841 
. 868698 


.522531 
.097964 


.839727 
.735052 


.142739 
.477901 


.270806 
.138499 


. 525802 
.494951 


.556371 
.150727 


.823763 
.667345 


. 502582 
.210459 


.158063 
.458309 


.978260 
. 312935 


.469900 
.433800 


. 650400 
. 565100 


.756900 
.810700 


.175600 
.765700 


. 289100 
.089800 


.859700 
. 298500 


.012200 
.717300 


.937100 
.191100 


.135100 
.534300 


. 992900 
.929700 


.257400 
. 384400 


.481500 
.597000 


.458300 
. 904500 


.037400 
.436800 


.108900 
.754800 


. 729900 
.493900 


.958400 
. 265800 


. 626600 
.108300 


.621500 
.-313700 


.267200 
. 293000 


. 668000 
.430500 


. 590700 
. 364600 


.351800 
. 379200 


.872600 
.089800 


. 660900 
.931300 


.417700 
.367300 


. 895100 
.875600 


.499300 
.067500 


. 920100 
.771000 


.096200 
.435800 


. 313900 
.210200 


.447000 
.475700 


.597500 
.126100 


.956200 
.897300 


.383700 
.307500 


.168600 
. 508100 


.010500 
. 354300 


-0. 
-0. 


-0. 
-0. 


1240 
1053 


.1469 
.-1049 


-1129 
.-1012 


.1457 
.-0960 


.-0778 
.0720 


.-0114 
.1143 


.- 0050 
.0421 


-0169 
.-0363 


-1179 
.-0196 


.-0805 
.-0475 


.-0436 
.-0957 


1984 
1352 


-0567 
-.1356 


.-0831 
.-0118 


.1213 
.-0073 


-0837 
.-0059 


.-0660 
.-.1165 


-0306 
.-0334 


.-0026 
.-0068 


-1101 
.-0165 


.-0437 
-0341 


.-0051 
.-0041 


-0136 
.-0044 


-0761 
.-0436 


.-8651 
.1948 


.-0370 
.0023 


.0223 
.-0069 


.0232 
.-0305 


.0804 
-0359 


.-0465 
.0421 


.0431 
-0717 


.-0788 
.0193 


.0411 
.-0246 


.1324 
. 2300 


.-1189 
.-0970 


-0105 
. 0498 


.-0322 
.0414 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


. 0000 
. 0000 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.0800 
.0800 


.862 
-877 


.792 
.-683 


-811 
. 848 


.799 
.765 


.-833 
.795 


.-834 
.796 


.-766 
.739 


.772 
.755 


-616 
.621 


.-610 
.-635 


-196 
.-267 


. 569 
.652 


.735 
.770 


.738 
.729 


.-690 
.662 


.244 
.384 


.374 
.-493 


.-576 
.238 


.524 
.-546 


.-802 
-807 


.743 
.-690 


.751 
.708 


.758 
.724 


.-815 
.-834 


-000 
-000 


. 598 
.649 


.-846 
.-838 


.798 
.714 


.784 
.581 


.782 
.768 


.718 
.662 


.-831 
.-839 


. 809 
.762 


.847 
.-833 


-831 
.680 


.795 
.772 


.-803 
.788 


.144 
.120 


.185 
.154 


.139 
.119 


.182 
.125 


.093 
.091 


.014 
.144 


.007 
.-057 


.022 
.048 


.191 
.-032 


.132 
.075 


.222 
.359 


. 349 
.207 


.-077 
.-176 


.113 
.-016 


.-176 
.-011 


.342 
.-015 


.-177 
.-236 


.-053 
.140 


.005 
.-013 


.-137 
.020 


.059 
.049 


.007 
.-006 


.-018 
.-006 


.-093 
.052 


.865 
.195 


.062 
.004 


.026 
.008 


.029 
.043 


.103 
.062 


.060 
.055 


.060 
.108 


.095 
.023 


.-051 
.-032 


.-156 
.-276 


.143 
.143 


.-013 
.065 


.040 
.-053 


.020 
-015 


.039 
.049 


.026 
.-018 


.037 
.029 


-016 
.-019 


.002 
.029 


.002 
-015 


.005 
.-012 


.073 
.-012 


-051 
.027 


.179 
.263 


.150 
.072 


.020 
.-041 


.030 
.-004 


.-054 
.-004 


.259 
.009 


-111 
.120 


.023 
.107 


.002 
.-006 


.-027 
.-004 


.015 
.015 


.002 
.002 


.-004 
.002 


.-017 
.009 


.000 
-001 


.025 
-001 


.-004 
-001 


.-006 
.-012 


.022 
.-026 


.-013 
.013 


.-017 
-037 


-016 
.-004 


.-010 
.008 


.024 
.-046 


.024 
.-046 


.003 
.015 


.008 
-011 


.671 
.405 


-063 
.587 


.567 
.374 


.-037 
.372 


-065 
-010 


-156 
.-601 


-072 
.-612 


.241 
.523 


.-876 
.-312 


. 288 
.745 


.230 
.-318 


.287** 
.-093 


.827 
.932 


.-210 
.172 


.824 
-112 


-116 
.-118 


.-351 
.-074 


.504 
.855 


.044 
-115 


.537 
.230 


.-633 
.514 


.-074 
-061 


.195 
-065 


-054 
.597 


.-108 
.149 


.598 
-036 


.-302 
.-094 


.325 
.451 


.135 
.590 


.658 
. 600 


-636 
.102 


-081 
.263 


.572 
.353 


.799 
.149** 


.630 
.471 


.148 
.709 


.450 
.583 


33. 
33. 


.-356 
.-353 


.-371 
.400 


.-367 
.359 


.370 
.378 


.-362 
.-371 


.-362 
.370 


.378 
.384 


-376 
. 380 


.421 
.419 


.423 
.415 


.746 
.640 


.438 
.409 


.385 
-377 


.385 
.387 


.398 
.406 


.668 
.533 


.541 
.470 


.435 
.678 


.-456 
.447 


.369 
.368 


.383 
. 398 


.381 
.-393 


.379 
. 388 


.-366 
.-362 


046 
047 


.427 
.410 


.359 
.-361 


.370 
.391 


.-373 
.433 


.374 
-377 


.390 
.406 


.362 
.361 


.-367 
.378 


.359 
.362 


.362 
.401 


.-371 
-376 


.369 
.372 


.049 
.044 


-077 
.127 


.069 
.-055 


.-074 
.089 


.-060 
-076 


.-060 
-076 


.089 
-101 


-086 
.-093 


-161 
.159 


.165 
.152 


. 600 
.469 


.189 
.142 


-102 
.087 


-101 
.105 


.123 
.137 


.505 
. 329 


.339 
.238 


.184 
.517 


.217 
. 203 


-073 
-071 


.099 
.123 


.-095 
-115 


.092 
.107 


.-068 
.-060 


-013 
.-014 


.172 
.144 


.-055 
.059 


-075 
-112 


-081 
.182 


.-082 
.087 


.-110 
.137 


-061 
.-058 


.-070 
.-090 


.055 
.060 


-061 
.128 


-076 
-086 


-073 
.-079 


20892 1162 -53.991652 -54.006600 0.0149 0.0800 0.809 -0.018 -0.004 0.208 0.367 0.070 
16.170265 16.244500 -0.0742 0.0800 0.799 0.093 0.019 1.038 0.370 0.074 

20892 1164 -51.911635 -51.870600 -0.0410 0.0800 0.813 0.050 0.009 0.569 0.366 0.068 
16.076270 16.112700 -0.0364 0.0800 0.809 0.045 0.009 0.506 0.367 0.070 

20892 1208 -31.107239 -31.093700 -0.0135 0.0800 0.855 0.016 0.002 0.183 0.357 0.052 
1.036272 1.010500 0.0258 0.0800 0.833 -0.031 -0.005 0.353 0.362 0.060 

20892 4019 -52.550579 -52.498200 -0.0524 0.0800 0.390 0.134 0.082 1.048 0.529 0.323 
-54.393453 -54.433900 0.060404 0.0800 0.305 -0.133 -0.092 0.916 0.599 0.416 

20892 4020 1.789751 1.761700 0.0281 0.0800 0.433 -0.065 -0.037 0.533 0.502 0.284 
-48.381544 -48.195300 -0.1862 0.0800 0.395 0.471 0.285 3.702** 0.525 0.318 

20899 1110 6.366392 6.380600 -0.0142 0.0800 0.768 0.019 0.004 0.203 0.377 0.088 
-28.540026 -28.578500 0.0385 0.0800 0.763 -0.050 -0.012 0.551 0.378 0.090 

20899 1116 8.420109 8.500100 -0.0800 0.0800 0.821 0.097 0.017 1.103 0.365 0.065 
-8.620313 -8.650400 0.0301 0.0800 0.750 -0.040 -0.010 0.434 0.382 0.096 

20899 1160 -26.625507 -26.645500 0.0200 0.0800 0.746 -0.027 -0.007 0.289 0.382 0.097 
10.124412 10.154900 -0.0305 0.0800 0.729 0.042 0.011 0.446 0.387 0.105 

20899 1162 -25.152273 -25.192100 0.0398 0.0800 0.751 -0.053 -0.013 0.575 0.381 0.095 
10.018146 10.022100 -0.0040 0.0800 0.743 0.005 0.001 0.057 0.383 0.099 

20899 1164 -23.598096 -23.606600 0.0085 0.0800 0.755 -0.011 -0.003 0.122 0.380 0.093 
9.927284 9.845100 0.0822 0.0800 0.756 -0.109 -0.026 1.181 0.380 0.093 

20899 1208 -1.251930 -1.233200 -0.0187 0.0800 0.850 0.022 0.003 0.254 0.358 0.054 
-7.741128 -7.632700 -0.1084 0.0800 0.832 0.130 0.022 1.486 0.362 0.061 

20899 4019 8.158918 8.114800 0.0441 0.0800 0.400 -0.110 -0.066 0.872 0.522 0.313 
-54.133796 -54.126100 -0.0077 0.0800 0.506 0.015 0.008 0.135 0.464 0.229 

20899 4020 33.744969 34.738200 -0.9932 8.0000 1.000 0.993 0.000 0.124 33.041 0.002 
-50.059542 -50.143800 0.0843 8.0000 1.000 -0.084 0.000 0.011 33.041 0.003 

20907 1110 3.305058 3.226100 0.0790 0.0800 0.786 -0.100 -0.021 1.113 0.373 0.080 
-23.863915 -23.816400 -0.0475 0.0800 0.760 0.063 0.015 0.681 0.379 0.091 

20907 1116 -1.538913 -1.618500 0.0796 0.0800 0.835 -0.095 -0.016 1.089 0.362 0.060 
-4.478474 -4.502200 0.0237 0.0800 0.777 -0.031 -0.007 0.337 0.375 0.084 

20907 1158 -49.007707 -48.963800 -0.0439 0.0800 0.800 0.055 0.011 0.613 0.369 0.074 
11.303949 11.301600 0.0023 0.0800 0.769 -0.003 -0.001 0.033 0.377 0.087 

20907 1160 -47.100760 -47.055300 -0.0455 0.0800 0.806 0.056 0.011 0.633 0.368 0.072 
11.255857 11.264700 -0.0088 0.0800 0.782 0.011 0.002 0.125 0.374 0.081 

20907 1162 -45.414980 -45.389000 -0.0260 0.0800 0.809 0.032 0.006 0.361 0.367 0.070 
11.221392 11.220500 0.0009 0.0800 0.793 -0.001 0.000 0.013 0.371 0.077 

20907 1164 -43.628425 -43.605300 -0.0231 0.0800 0.813 0.028 0.005 0.321 0.367 0.069 
11.214750 11.198400 0.0164 0.0800 0.803 -0.020 -0.004 0.228 0.369 0.073 

20907 1208 -12.311873 -12.342800 0.0309 0.0800 0.856 -0.036 -0.005 0.418 0.357 0.051 
-4.214591 -4.236700 0.0221 0.0800 0.843 -0.026 -0.004 0.301 0.360 0.057 

20907 1228 33.030002 33.075600 -0.0456 0.0800 0.326 0.140 0.094 0.998 0.579 0.390 
-58.793509 -58.783200 -0.0103 0.0800 0.305 0.034 0.023 0.233 0.598 0.415 


CAMERANAME X0 BEOBX0O 12,0] MFVXO EVXO GFX0O EKXO NVXO GRZWXO  EGKXO MXO  STAXO 

Yo BEOBYO vye MFVYO EVYO GFYO EKYO NVYO GRZWYO  EGKYO MYO STAYO 

C BEOBC VC MFVC EVC GFC EKC NVC GRZWC EGKC MC STAC 

Schrägkamera 0.096526 0.000000 0.0965 0.5000 0.025 -3.795 -3.699 1.211 12.948 12.619 0.5201 2 

-0.353679 0.000000 -0.3537 0.5000 0.078 4.523 4.169 2.530** 7.385 6.807 0.5059 2 

259.707205 260 .000000 -0.2928 0.5000 0.781 0.375 0.082 0.663 2.337 0.513 0.2468 2 

menmnmnmenmnnmnmmmnmmnnmenmenmnnmenmennmennenmsnnens CONTROL OF THE ADJUSTMENT ------"mmommmmmmmemmemmnmmnmmemmmemmenmemmnmmeeue 
TOTAL IMAGE COORD PROJ.CENT OBJECT COORD DIS DIF PLANE PO PLANE PARAM PRINC PO+C 
REDUNDANCY 110 .000000 101.265491 7.850212 0.000000 0.000000 0.000000 0.000000 0.000000 0.884298 
SIGMA 1.053778 1.075683 0.722255 1.000000 1.000000 1.000000 1.000000 1.000000 0.997873 
VTPV 122.149335 117.173714 4.095082 0.000000 0.000000 0.000000 0.000000 0.000000 0.880539 


Final observations == 


TERMINATION LIMIT REACHED AFTER 6. ITERATIONS 
TOTAL TIME OF CALCULATION [MIN] 0.0 


MAXIMUM NORMALIZED RESIDUAL AT: IMAGE COORDINATES 
SYSTEM NU. : 20892 
POINT NU .: 4020 


NORMALIZED RESIDUAL (NV): 3.70 


Appendix 


Appendix F 


L'image | point | X 6m | v:0m | Z,0m) |D.m)|di(em)| mu | 
Me 1228 9804.655 | 10299.092 | 1171.202 ne de 
l 1240 9833.117 | 10282.963 | 1171.291 ° ° 


co Larnaan ion eee [na] 7 | 
AS 1110 9730.840 | 10414.949 | 1156.706 HOT _ 
co Lomme Hours Frsemefouur] 240 |208 
AS 1110 9730.840 | 10414.949 | 1156.706 Ale "4 
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Table (F.1): Determination of the terrestrial image scale numbers 
Appendix G 
PROGRAM SYSTEM PICTRAN-B (VERSION4.3  (C) TECHNET 1995-1998) 


OUTPUT OF MODULE BUNBIL 
BUNDLE ADJUSTMENT 


PROJECT: Baalbek’s terrestrial images 


V = RESIDUAL 


MFV = STANDARD DEVIATION OF OBSERVATIONS A PRIORI 

EV = REDUNDANCY NUMBER 

GF = PROBABLE DIMENSION OF A BLUNDER 

EK = DISPLACEMENT IF OBSERVATION DOES NOT TAKE PART OF THE ADJUSTMENT 
NV = NORMALIZED RESIDUAL 


GRZW = THRESHOLD VALUE FOR NOT TRACEABLE BLUNDERS 
EGK = EFFECT OF GRZW ON THE RELATIVE POSITION 

M = STANDARD DEVIATION OF UNKNOWNS 

STA = STATE (0=FIX, 1=UNKNOWN, 2=OBSERVED) 

Li = BLUNDER IS SUPPOSED 

*** = BLUNDER IS PROBABLE 


NU. OF IMAGES 3 

NU. OF IMAGE POINTS 26 

NU. OF OBJECT POINTS 11 

NU. OF CONTROL POINTS 11 

NU. OF CAMERAS 1 

NU. OF PLANES (] 

NU. OF DISTANCES (ce 

NU. OF DIFFERENCES (] 

ERA ON EE —— 

ITERATION UNKNOWNS RIGHT SIDE TIME [s] 
1 0.1000E+11 0.3936E+10 0.00 
2 0.3555E+01 0.1066E+07 0.01 
3 0.1409E+00 0.1090E+04 0.03 
4 0.8298E-03 0.5393E-01 0.03 
5 0.1029E-04 0.1384E-04 0.05 


===22222222222222222222 222227727777 DATA OF THE ADJUSTMENT =======================222222=222222222222222222 === 


OBSERVATIONS (0B) 88 
UNKNOWNS (UN) 48 
NU. CONSTR. EQUATIONS (CON) 3 
REDUNDANCY (OB-UN+CON) 43 
SUM OF REDUNDANCY NUMBERS 43.000 
NU. OF DIAGONAL SUBMATRICES 41 
NU. OF ALL SUBMATRICES 162 
NU. OF ALL SINGLE ELEMENTS 2094 
FILLING OF ATPA [%] 0.4895E+02 
nonsonesssnsessssenesennesnsnsesssssesssssesesesssenseses IMAGE COORDINATES ----"mommmmmmomenoncnmenmonconesenmemensenecens 

SYSTEM-NU POINT-NU x BEOBX vx MEVX EVX  GFX  EKX  NVX GRZWX  EGKX 

Y BEOBY vy MEVY EVY  GFY  EKY  NVY GRZWY  EGKY 

208323 1160 -17.615565 -17.162000 -0.4536 0.7000 0.797 0.569 60.116 0.726 3.238 0.658 


9.450442 9.484900 -0.0345 0.7000 0.730 0.047 0.013 0.058 3.384 0.914 
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D 


208323 1162 -16.188906 -16.006700 -0.1822 0.7000 0.800 0.228 0.046 0.291 3.232 0.646 
9.341065 9.384400 -0.0433 0.7000 0.739 0.059 0.015 0.072 3.362 0.876 

208323 1164 -14.631639 -14.750900 0.1193 0.7000 0.803 -0.148 -0.029 0.190 3.225 0.634 
9.274965 9.409500 -0.1345 0.7000 0.748 0.180 0.045 0.222 3.342 0.841 

208323 1199 -7.697375 -8.618700 0.9213 0.7000 0.831 -1.108 -0.187 1.443 3.170 0.534 
6.952130 6.827900 0.1242 0.7000 0.791 -0.157 -0.033 0.200 3.250 0.679 

208323 1228 46.014397 45.613200 0.4012 0.7000 0.800 -0.501 -0.100 0.641 3.232 0.645 
0.045324 -0.044000 0.0893 0.7000 0.748 -0.119 -0.030 0.148 3.343 0.843 

208323 1239 69.609259 69.451700 0.1576 0.7000 0.729 -0.216 -0.058 0.264 3.385 0.917 
-3.187156 -2.876900 -0.3103 0.7000 0.535 0.580 0.269 0.606 3.951 1.836 

208323 1240 58.472842 59.422400 -0.9496 0.7000 0.758 1.253 0.303 1.558 3.320 0.803 
-1.915364 -2.223600 0.3082 0.7000 0.667 -0.462 -0.154 0.539 3.540 1.179 

208325 1110 -1.490263 -3.141300 1.6510 0.7000 0.897 -1.841 -0.190 2.491 3.053 0.315 
-31.490993 -31.897000 0.4060 0.7000 0.889 -0.457 -0.051 0.615 3.066 0.340 

208325 1116 -13.153649 -14.813900 1.6603 0.7000 0.902 -1.842 -0.181 2.498 3.045 0.300 
-29.277527 -28.731200 -0.5463 0.7000 0.891 0.613 0.067 0.827 3.062 0.333 

208325 1158 -55.377890 -54.632000 -0.7459 0.7000 0.840 0.888 0.142 1.163 3.154 0.505 
-26.746660 -26.972400 0.2257 0.7000 0.778 -0.290 -0.064 0.366 3.278 0.728 

208325 1160 -53.922626 -53.234000 -0.6886 0.7000 0.844 0.816 0.127 1.071 3.147 0.491 
-26.820280 -26.871900 0.0516 0.7000 0.787 -0.066 -0.014 0.083 3.259 0.695 

208325 1162 -52.762254 -52.088600 -0.6737 0.7000 0.847 0.795 0.122 1.046 3.141 0.480 
-26.904070 -26.897000 -0.0071 0.7000 0.794 0.009 0.002 0.011 3.245 0.670 

208325 1164 -51.473497 -50.842200 -0.6313 0.7000 0.850 0.742 0.111 0.978 3.135 0.469 
-26.949573 -26.947200 -0.0024 0.7000 0.801 0.003 0.001 0.004 3.231 0.644 

208325 1208 -19.907859 -21.298600 1.3907 0.7000 0.900 -1.545 -0.154 2.094 3.047 0.304 
-28.871828 -28.781400 -0.0904 0.7000 0.895 0.101 0.011 0.137 3.056 0.320 

208325 1228 28.315737 28.659300 -0.3436 0.7000 0.837 0.410 0.067 0.536 3.159 0.514 
-30.247983 -30.263800 0.0158 0.7000 0.773 -0.020 -0.005 0.026 3.288 0.747 

208325 1239 43.726196 44.155300 -0.4291 0.7000 0.787 0.545 0.116 0.691 3.259 0.694 
-32.096705 -31.997500 -0.0992 0.7000 0.669 0.148 0.049 0.173 3.535 1.171 

208325 1240 38.867676 39.978100 -1.1104 0.7000 0.803 1.383 0.273 1.771 3.227 0.637 
-31.145894 -31.193500 0.0476 0.7000 0.706 -0.067 -0.020 0.081 3.442 1.013 

637126 1110 41.220062 39.848600 1.3715 0.7000 0.848 -1.618 -0.246 2.128 3.140 0.478 
31.225695 30.496100 0.7296 0.7000 0.786 -0.928 -0.198 1.175 3.260 0.696 

637126 1116 26.722033 24.801300 1.9207 0.7000 0.878 -2.187 -0.266 2.928** 3.085 0.375 
34.361863 34.448200 -0.0863 0.7000 0.829 0.104 0.018 0.135 3.174 0.541 

637126 1158 -25.494378 -24.581400 -0.9130 0.7000 0.848 1.076 0.163 1.416 3.139 0.476 
34.797561 34.874100 -0.0765 0.7000 0.786 0.097 0.021 0.123 3.262 0.699 

637126 1160 -23.678256 -22.890200 -0.7881 0.7000 0.852 0.924 0.136 1.219 3.131 0.462 
34.843896 34.974300 -0.1304 0.7000 0.798 0.164 0.033 0.209 3.237 0.656 

637126 1162 -22.219383 -21.486600 -0.7328 0.7000 0.856 0.857 0.124 1.132 3.126 0.451 
34.853609 34.974300 -0.1207 0.7000 0.806 0.150 0.029 0.192 3.220 0.624 

637126 1164 -20.609180 -19.981400 -0.6278 0.7000 0.859 0.731 0.103 0.968 3.120 0.441 
34.920308 35.099600 -0.1793 0.7000 0.815 0.220 0.041 0.284 3.202 0.592 

637126 1199 -4.847217 -5.365300 0.5181 0.7000 0.885 -0.586 -0.068 0.787 3.074 0.355 
33.629150 33.452300 0.1768 0.7000 0.870 -0.203 -0.026 0.271 3.099 0.402 

637126 1208 17.894373 16.379200 1.5152 0.7000 0.888 -1.707 -0.192 2.297 3.069 0.345 
34.204624 33.997200 0.2074 0.7000 0.873 -0.238 -0.030 0.317 3.095 0.394 

637126 1228 81.439093 83.603900 -2.1648 0.7000 0.659 3.287 1.122 3.811** 3.562 1.216 
33.394741 33.922100 -0.5274 0.7000 0.381 1.383 0.855 1.220 4.681 2.896 


PRINCIPAL POINT AND FOCAL LENGTH -- 


CAMERANAME X0 BEOBXO Vxe MFVXO EVXO GFXO EKXO NVXO GRZWXO  EGKXO MXO  STAXO 

Yo BEOBYO vye MFVYO EVYO GFYO EKYO NVYO GRZWYO  EGKYO MYO STAYO 

C BEOBC VC MFVC EVC GFC EKC NVC GRZWC EGKC MC STAC 

Messhbild_Kamera 0.000000 (e] - - - - - - - - - (e] 
0.000000 (e] - - - - - - - = - (e] 

346.629555 350 .000000 -3.3704 5.0000 0.921 3.659 0.289 0.702 21.517 1.698 1.6838 2 


nonnssssnsenensenesnsenssssnessensensenensoseosesese CONTROL OF THE ADJUSTMENT -----------------.---------._._._-____._. 


TOTAL IMAGE COORD PROJ.CENT OBJECT COORD DIS DIF PLANE PO PLANE PARAM PRINC PO+C 

REDUNDANCY 43.000000 41.484400 0.594531 0.000000 0.000000 0.000000 0.000000 0.000000 0.921070 
SIGMA 1.198635 1.214145 0.535758 1.000000 1.000000 1.000000 1.000000 1.000000 0.702378 
VTPV 61.779212 61.154164 0.170652 0.000000 0.000000 0.000000 0.000000 0.000000 0.454396 


Final observations == 


TERMINATION LIMIT REACHED AFTER 5. ITERATIONS 
TOTAL TIME OF CALCULATION [MIN] 0.0 


MAXIMUM NORMALIZED RESIDUAL AT: IMAGE COORDINATES 
SYSTEM NU. : 637126 
POINT NU .: 1228 


NORMALIZED RESIDUAL (NV): 3.81 
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Appendix H 


Camera name | Distortion parameter Status 
Al Status AT 
A2 Status A2 
A3 Status A3 
A4 Status A4 
A5 Status A5 
Baalbek-G1 A6 Status A6 
-0.208866D-06 1 


0.106185D-10 
0.722547D-02 
0.804372D-03 
0.558588D-06 
-0.980329D-05 


hblrlkb ir 


Table (H.1): Distortion parameters referred to vertical images of Baalbek, where A1 & A2 are 
parameters available for radial distortion, A3 & A4 are scale and shear parameters, 


respectively. In addition, A5 and A6 are parameters for decentring distortion 
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Appendix I 

Camera name | Distortion parameter Status 
Al Status AT 
A2 Status A2 
A3 Status A3 
A4 Status A4 
A5 Status A5 

Schrägkamera A6 Status A6 

0.108700D-05 1 


-0.175551D-09 
0.850927D-04 
-0.190090D-03 
-0.985190D-05 
-0.731519D-05 


hblr lb lr 


Table (1.1): Distortion parameters referred to oblique images of Baalbek, where A1 & A2 are 
parameters available for radial distortion, A3 & A4 are scale and shear parameters, 


respectively. In addition, A5 and A6 are parameters for decentring distortion 
Appendix J 


PROGRAM SYSTEM PICTRAN-B (VERSION4.3  (C) TECHNET 1995-1998) 
OUTPUT OF MODULE BUNBIL 


BUNDLE ADJUSTMENT 


PROJECT: TWO_TYPES (vertical and oblique) 


LEGEND OF THE MODULE BUNBIL 


V = RESIDUAL 


MFV = STANDARD DEVIATION OF OBSERVATIONS A PRIORI 

EV = REDUNDANCY NUMBER 

GF = PROBABLE DIMENSION OF A BLUNDER 

EK = DISPLACEMENT IF OBSERVATION DOES NOT TAKE PART OF THE ADJUSTMENT 


NV = NORMALIZED RESIDUAL 
GRZW = THRESHOLD VALUE FOR NOT TRACEABLE BLUNDERS 
EGK = EFFECT OF GRZW ON THE RELATIVE POSITION 
M = STANDARD DEVIATION OF UNKNOWNS 
STA = STATE (0=FIX, 1=UNKNOWN, 2=OBSERVED) 
* = BLUNDER IS SUPPOSED 
* = BLUNDER IS PROBABLE 


NU. OF IMAGES 12 
NU. OF IMAGE POINTS 124 
NU. OF OBJECT POINTS 35 
NU. OF CONTROL POINTS 6 
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NU. OF CAMERAS 

NU. OF PLANES 

NU. OF DISTANCES 
NU. OF DIFFERENCES 


Soon 


ITERATIONS 
ITERATION UNKNOWNS RIGHT SIDE TIME [s] 
1 0.1000E+11 0.9541E+08 0.00 
2 0.2527E+01 0.1375E+07 0.01 
3 0.2121E-01 0.2489E+03 0.03 
4 0.1613E-03 0.2606E-02 0.03 
5 0.3235E-05 0.7690E-03 0.05 
6 0.3378E-07 0.4698E-03 0.05 
= DATA OF THE ADJUSTMENT == 
OBSERVATIONS (0B) 489 
UNKNOWNS (UN) 295 
NU. CONSTR. EQUATIONS (CON) 12 
REDUNDANCY (OB-UN+CON) 206 
SUM OF REDUNDANCY NUMBERS 206.000 
NU. OF DIAGONAL SUBMATRICES 173 
NU. OF ALL SUBMATRICES 785 
NU. OF ALL SINGLE ELEMENTS 11464 
FILLING OF ATPA [%] 0.1943E+02 
Fes ss ennui ER Le Se RSS are Se amende Dee le du en ete Sa je Sutet aies late nee + 
| DATE : 07/20/20 12:21:06 PAGE 4 | 
I BUNNAE - OUTPUT I 
| PROJECT: TWO_TYPES I 
RS A ES OV AR EE RE RE RE TE RE PR RE EU Pr UE LE + 


DDDDD>>>>D>DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD>D>D>D>DD> 


LLLLLLLEELEEEEEELEELE EEE EEE ELLE ELLE EE ELEEEEEELEELEEEE RESULTS OF ADJUSTMENT 


LÉLELLELEEL LEE LL LEE LE LL TT TT TT TT TT TT TT TT TT TE 


DDDDD>>>D>D>DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD>>D>D>D> 


A13 


OMEGA 


SYSTEM-NU A11 
CAMMERANAME A21 
A31 

1981 -0.470976 
baalbek-61 0.876729 
0.097612 

1982 -0.670204 
baalbek-61 0.734381 
0.107289 

2025 -0.687534 
baalbek-61 0.721897 
0.078488 

20886 0.432106 
Schrägkamera 0.901812 
-0.004431 

20878 -0.256793 
Schrägkamera 0.966128 
-0.025586 

20893 0.862714 
Schrägkamera 0.505691 
0.001024 

20891 0.955115 
Schrägkamera 0.296208 
-0.003997 

1983 -0.681866 
baalbek-61 0.731215 
0.019566 

1985 -0.679044 
baalbek-61 0.732420 
-0.049593 

20892 0.866274 
Schrägkamera 0.499512 
-0.007553 

20899 0.901486 
Schrägkamera 0.431950 
-0.027237 

1980 0.658914 
baalbek-61 -0.742468 
0.120725 


-0.879025 
-0.475727 
0.031591 


-0.742017 
-0.666024 
-0.076309 


-0.724747 
-0.675465 
-0.135975 


-0.189275 
0.095493 
0.977270 


-0.338635 
-0.065149 
0.938660 


-0.150543 
0.254893 
0.955179 


-0.058220 
0.200924 
0.977875 


-0.730360 
-0.679104 
-0.073428 


-0.729407 
-0.680789 
-0.067029 


-0.136472 
0.251166 
0.958275 


-0.171344 
0.413970 
0.894019 


0.726752 
0.669761 
0.152485 


0.074134 
-0.070925 
0.994723 


0.015417 
-0.130753 
0.991295 


-0.045144 
-0.150372 
0.987598 


0.881737 
-0.421445 
0.211953 


0.905198 
0.249705 
0.343895 


0.482764 
-0.824201 
0.296028 


0.290457 
-0.933751 
0.209151 


-0.040404 
-0.064358 
0.997109 


-0.082856 
-0.009342 
0.996518 


0.480567 
-0.829098 
0.285748 


0.397447 
-0.801279 
0.447200 


-0.194072 
-0.012737 
0.980905 


4.531503 
4.723843 
131.313483 


8.348914 
0.981525 
146.765510 


9.619294 
-2.874932 
148.322941 


70.334748 
68.725096 
26.283109 


-39.981949 
72.055536 
141.304050 


78.048073 
32.073423 
10.998217 


85.971887 
18.761469 
3.875808 


4.103334 
-2.572921 
147.814799 


0.596787 
-5.280830 
147.724578 


78.870589 
31.913799 
9.947497 


67.593067 
26.020750 
11.957479 


0.826624 
-12.433890 
-53.114241 


9917.775688 
10629 .227858 
1157.800514 


9917.785000 
10629 .229000 
1157.803000 


-0. 
-0. 
-0. 


munnnsnmnnnnnnnnmmnnmnnmnnmnnnnnnnnnmnnnnnnnnnnnnnnsnns OBJECT 


POINT -NU X 


VX 


COORDINATES 
MFVX EVX 


2.255 0.1141 2 
2.051 0.1137 2 
2.932 0.1148 2 
EGKX MX STAX 


1077 


4027 


4028 


4029 


4030 


4041 


1110 


1116 


1136 


1142 


1147 


1151 


1208 


4019 


4020 


1022 


1162 


1164 


1160 


1228 


1239 


1240 


4015 


4016 


4008 


4009 


. 726682 
.435616 
.146295 


.961983 
.913814 
. 343845 


.251000 
. 229000 
. 729000 


.942177 
.263469 
.371271 


.018814 
.162538 
.071857 


.847000 
.655100 
. 805600 


.910600 
.572600 
.126900 


. 836907 
.910436 
.636396 


.273921 
.604513 
.126605 


.-013361 
. 240947 
.901379 


. 289674 
.974682 
.897801 


. 906000 
.673000 
.167000 


. 660000 
.144000 
.307000 


. 348362 
.391558 
.137992 


.173719 
.873285 
.711853 


.656185 
.882610 
. 204990 


. 809594 
. 630090 
. 724136 


.563375 
. 724880 
.125295 


.208799 
. 703548 
.227523 


. 284468 
. 608696 
.182112 


.606165 
.096810 
. 243273 


.354262 
.757282 
. 969936 


.141427 
. 794318 
.396410 


.986333 
. 582236 
.030062 


.767146 
.627554 
.190893 


.737102 
. 792113 
.932462 


.182731 
.583837 
.194975 


10101. 
10645. 
1163. 


10109. 
10608. 
1162. 


9730. 
10414. 
1156. 


9699. 
10496. 
1158. 


9940. 
10436. 
1161. 


9941. 
10438. 
1161. 


9675. 
10491. 
1158. 


9774. 
10327. 
1164. 


9814. 
10350. 
1170. 


9869. 
10499. 
1157. 


9560. 
10568. 
1154. 


9565. 
10569. 
1154. 


9556. 
10567. 
1154. 


9804. 
10299. 
1171. 


9852. 
10300. 
1168. 


9833. 
10282. 
1171. 


9635. 
10245. 
1148. 


9656. 
10233. 
1154. 


9511. 
10034. 
1146. 


9520. 
10035. 
1150. 


.737000 
.434000 
.164000 


. 969000 
. 893000 
.-317000 


945000 
258000 
374000 


009000 
189000 
079000 


840000 
949000 
706000 


321000 
582000 
154000 


020000 
271000 
894000 
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000000 
885000 


400000 
349000 
152000 


114000 
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719000 
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906000 
192000 
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110000 
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170000 
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963000 
291000 


959000 
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014000 
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629000 
118000 
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543000 
262000 
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.736055 
.414746 
. 599983 
. 948159 


.499144 
.830352 


.838787 
.162286 


.443611 
.-069753 


. 886180 
.643751 


.496047 
. 926689 


. 899295 
. 379903 


. 356222 
.931318 


.068051 
.281291 


. 508333 
.019521 


.046270 
.144227 


. 620610 
.597278 


. 740390 
.081793 


.974021 
.431831 


. 869999 
. 724907 


.582334 
. 220201 


.121167 
.471412 


.947420 
.317577 


.966775 
.175803 


.888674 
.077123 


B 
S 


a 
(] 


[a] 
(] 


ü1 ND 
HN 


.438000 


. 378900 
. 944600 


.210100 
.213900 


. 002900 
.281700 


. 888000 
.773600 


. 009900 
.672300 


. 338400 
.404100 


.714400 
. 738900 


. 202600 
.082000 


.213500 
.642000 


.842100 
.002300 


. 656300 
.115400 


. 248100 
. 344400 


. 843300 
.719800 


. 325100 
. 652900 


.557200 
. 906600 


.704700 
.105900 


. 209600 
.401700 
.872500 
. 736800 


. 206300 
. 544500 


.492400 
.801500 


.252100 
.426500 


.682500 
.942700 


.498100 
.712700 


.922100 
. 375000 


.495500 
.891100 


.203100 
. 304400 


. 695800 
.145400 


.499400 
.943800 


. 988200 
. 330600 


.710400 
.088800 


.837600 
.463700 


.956200 
.897300 


.383700 
.307500 


.168600 
. 508100 


.010500 
.354300 


. 006600 
. 244500 


.870600 
.112700 


-0. 
-0. 


©c00co 


©0000 


.785 
.772 


.023 
.-046 


.005 
-011 


.-082 
.162 


hhhh 


.-166 
.175 


coco 


.251 
.268 


20892 1208 
20892 4019 
20892 4020 
20899 1110 
20899 1116 
20899 1160 
20899 1162 
20899 1164 
20899 1208 
20899 4019 
20899 4020 
1980 1147 
1980 4008 
1980 4009 
1980 4010 
1980 4012 
1980 4013 
1980 4015 
1980 4016 
1980 4017 

D CAMERANAME xe 
Yo 
C 
baalbek-61 0.000000 
0.000000 
200 .000000 
Schräg-kamera 0.000000 
0.000000 
260 .000000 


-31.161062 -31.093700 -0.0674 0.2500 0.836 0.081 0.013 0.295 1.129 0.186 
1.037261 1.010500 0.0268 0.2500 0.794 -0.034 -0.007 0.120 1.158 0.238 
-52.482050 -52.498200 0.0161 0.2500 0.378 -0.043 -0.027 0.105 1.680 1.045 
-54.373773 -54.433900 0.0601 0.2500 0.293 -0.205 -0.145 0.444 1.906 1.347 
1.779767 1.761700 0.0181 0.2500 0.405 -0.045 -0.027 0.114 1.623 0.966 
-48.361338 -48.195300 -0.1660 0.2500 0.370 0.449 0.283 1.092 1.698 1.071 
6.544825 6.380600 0.1642 0.2500 0.826 -0.199 -0.035 0.723 1.136 0.198 
-28.597211 -28.578500 -0.0187 0.2500 0.835 0.022 0.004 0.082 1.130 0.187 
8.519422 8.500100 0.0193 0.2500 0.850 -0.023 -0.003 0.084 1.120 0.168 
-8.607783 -8.650400 0.0426 0.2500 0.820 -0.052 -0.009 0.188 1.140 0.205 
-26.636736 -26.645500 0.0088 0.2500 0.755 -0.012 -0.003 0.040 1.188 0.291 
10.086705 10.154900 -0.0682 0.2500 0.743 0.092 0.024 0.316 1.198 0.308 
-25.165256 -25.192100 0.0268 0.2500 0.758 -0.035 -0.009 0.123 1.186 0.287 
9.986007 10.022100 -0.0361 0.2500 0.753 0.048 0.012 0.166 1.190 0.294 
-23.608795 -23.606600 -0.0022 0.2500 0.760 0.003 0.001 0.010 1.184 0.284 
9.897167 9.845100 0.0521 0.2500 0.763 -0.068 -0.016 0.238 1.182 0.281 
-1.175324 -1.233200 0.0579 0.2500 0.851 -0.068 -0.010 0.251 1.119 0.167 
-7.747997 -7.632700 -0.1153 0.2500 0.850 0.136 0.020 0.500 1.120 0.168 
8.497494 8.114800 0.3827 0.2500 0.618 -0.619 -0.236 1.947 1.313 0.501 
-54.139142 -54.126100 -0.0130 0.2500 0.698 0.019 0.006 0.062 1.236 0.374 
34.094096 34.738200 -0.6441 0.2500 0.625 1.030 0.386 3.259** 1.306 0.489 
-50.004418 -50.143800 0.1394 0.2500 0.587 -0.238 -0.098 0.728 1.348 0.557 
7.830233 7.695700 0.1345 0.2500 0.795 -0.169 -0.035 0.604 1.158 0.238 
54.066657 53.783700 0.2830 0.2500 0.825 -0.343 -0.060 1.246 1.137 0.199 
47.849210 47.550700 0.2985 0.2500 0.765 -0.390 -0.091 1.365 1.180 0.277 
-9.684113 -9.244900 -0.4392 0.2500 0.823 0.533 0.094 1.936 1.138 0.201 
49.249007 49.000000 0.2490 0.2500 0.773 -0.322 -0.073 1.133 1.175 0.267 
-8.032237 -7.586300 -0.4459 0.2500 0.819 0.544 0.098 1.971 1.141 0.206 
38.178939 38.304300 -0.1254 0.2500 0.868 0.144 0.019 0.538 1.108 0.147 
13.965687 14.057700 -0.0920 0.2500 0.866 0.106 0.014 0.395 1.109 0.148 
34.269462 34.275400 -0.0059 0.2500 0.876 0.007 0.001 0.025 1.103 0.137 
26.318189 26.130500 0.1877 0.2500 0.871 -0.215 -0.028 0.804 1.106 0.142 
35.679465 35.724600 -0.0451 0.2500 0.873 0.052 0.007 0.193 1.105 0.141 
27.914943 27.626000 0.2889 0.2500 0.868 -0.333 -0.044 1.241 1.108 0.147 
29.974034 30.391300 -0.4173 0.2500 0.843 0.495 0.078 1.818 1.125 0.177 
42.180988 42.118800 0.0622 0.2500 0.863 -0.072 -0.010 0.268 1.112 0.153 
35.248272 35.927500 -0.6792 0.2500 0.826 0.822 0.143 2.989** 1.136 0.197 
44.075714 44.158100 -0.0824 0.2500 0.846 0.097 0.015 0.358 1.122 0.172 
-44.884599 -45.434800 0.5502 0.2500 0.789 -0.697 -0.147 2.477 1.162 0.245 
14.187863 13.921800 0.2661 0.2500 0.438 -0.608 -0.342 1.609 1.561 0.878 

DELLE EL ELLE EE PRINCIPAL POINT AND FOCAL LENGTH ----------------------------------------- 

BEOBX0 VXx0 MFVXO EVXO GFXO EKXO NVXO GRZWXO  EGKXO MXO  STAXO 

BEOBYO vye MFVYO EVYO GFYO EKYO NVYO GRZWYO  EGKYO MYO STAYO 

BEOBC VC MFVC EVC GFC EKC NVC GRZWC EGKC MC STAC 

= - - - = = - - = . (] 

= . - = = = . = = - (] 

= . - - = = . - = - (] 

= . - - = = . = = . (ce 

= . - = = = . = = - (] 

= . - - - - . - = . (ce 

cnnmnmmmmmmnmsnnnens CONTROL OF THE ADJUSTMENT ------"mmmmmmmmmemmemmnmmnmmmmmmmenmenmnmmnmmesne 

PROJ.CENT OBJECT COORD DIS DIF PLANE PO PLANE PARAM 


REDUNDANCY 206 .000000 189.771219 11.384357 4.844423 0.000000 0.000000 0.000000 0.000000 0.000000 
SIGMA 1.159089 1.183233 0.627299 1.166456 1.000000 1.000000 1.000000 1.000000 1.000000 
VTPV 276.758475 265.687264 4.479794 6.591417 0.000000 0.000000 0.000000 0.000000 0.000000 


TERMINATION LIMIT REACHED AFTER 
TOTAL TIME OF CALCULATION [MIN] 


MAXIMUM NORMALIZED RESIDUAL AT: 
SYSTEM NU. : 

POINT NU .: 

NORMALIZED RESIDUAL (NV): 


6. ITERATIONS 


0.0 

IMAGE COORDINATES 
1983 
1208 
3.66 


Final observations == 
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Appendix K 


> Orientation result protocols - comparison of combination of vertical and oblique 


images to the 1° orientation step (orientation of each image type separately) 
8 P ype Sep y 


e Protocol (i) — vertical image 1981 


© IFPO-Damascus 


Me: 


> #0” 


ND 


… 


x, (mm) Yo (mm) cx (mm) 


-0.069894 -0.049059 200.25303 


Xo (m) Yo (m) Zo (m) & (gon) p (gon) K (gon) 


9970.141 10673.541 1940.080 4.425129 4.625882 131.135824 


Xo (m) Yo (m) Zo (m) & (gon) p (gon) K (gon) 


9970.199 10673.474 1940.379 4.531503 4.723843 131.313483 


Table (K.1): Orientation results associated with the vertical image 1981; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 


186 Appendix 


e Protocol (ii) — vertical image 2025 


LL] 


: ae 

S ess” 
21 A 2109 ” 
sé . VA À 


Figure (K.2): The aerial vertical image 2025 (source: IFPO-Damascus) 


x (mm) Yo (mm) cx (mm) 


-0.069894 -0.049059 200.25303 


9791.510 10558.579 2028.774 9.571998 -3.034766 148.071746 


Xo (m) Yo (m) Zo (m) & (gon) p (gon) K (gon) 


9791.513 10558.523 2029.001 9.619294 -2.874932 148.322941 


Table (K.2): Orientation results associated with the vertical image 2025; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 
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e Protocol (iii) — oblique image 20878 


© IFPO-Damascus 


x, (mm) Yo (mm) cx (mm) 


0.09653 - 0.35368 259.7072 


10448.362 10784.164 1387.663 -39.795513 72.007589 141.144015 


Xo (m) Yo (m) Zo (m) & (gon)  (gon) K (gon) 


10448.289 10784.290 1387.752 -39.981949 72.055536 141.304050 


Table (K.3): Orientation results associated with the oblique image 20878; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 
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e Protocol (iv) — oblique image 20886 


© IFPO-Damascus 


x (mm) Yo (mm) cx (mm) 


0.09653 - 0.35368 259.7072 


EP 
10378.696 10283.857 1312.589 70.189405 68.681595 26.408128 


Xo (m) Yo (m) Zo (m) & (gon)  (gon) K (gon) 


10378.719 10283.770 1312.715 70.334748 68.725096 26.283109 


Table (K.4): Orientation results associated with the oblique image 20886; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 
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> Orientation result protocols - comparison of combined evaluation of three image 


types to the 1 and 2" orientation steps 


e Protocol (v) — vertical image 2025 


© IFPO-Damascus 


ee 


Len SALE Û AY 


Figure (K.5): The aerial vertical image 2025 (source: IFPO-Damascus) 


Image ID: 2025, Camera: Baalbek-G1 


x, (mm) Yo (mm) cx (mm) 


-0.069894 -0.049059 200.25303 


Xo (m) Yo (m) Zo (m) & (gon) p (gon) K (gon) 


9791.510 10558.579 2028.774 9.571998 -3.034766 148.071746 


Xo (m) Yo (m) Zo (m) & (gon)  (gon) K (gon) 


9791.513 10558.523 2029.001 9.619294 -2.874932 148.322941 


x, (mm) Yo (mm) ck (mm) 
0.173740 0.138436 200.354646 
Xo (m) Yo (m) Zo (m) & (gon) p (gon) K (gon) 
9791.504 10558.522 2029.064 9.609923 | -2.814618 | 148.325941 


Table (K.5): Orientation results associated with the vertical image 2025; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 
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e Protocol (vi) — oblique image 20892 


© IFPO-Damascus 


Yo (mm) ck (mm) 


0.09653 - 0.35368 259.707205 
KG | 6m | om | (om) 
9913.973 | 10177.051 | 1272.780 | 78.784011 | 31.881270 | 10.013510 


Cy (mm) 


x, (mm) 


206.000 


Xo (M) 


Yo (m) 


Zo (m) 


& (gon) 


p (gon) 


K (gon) 


9913.952 


10177.201 


1272.770 


78.870589 


31.913799 


9.947497 


x, (mm) 


Yo (mm) 


cx (mm) 


0.199348 


-0.566046 


260.484178 


Xo (m) 


Yo (m) 


Zo (m) 


& (gon) 


p (gon) 


K (gon) 


9913.893 


10177.268 


1272.665 


78.742428 


31.879360 


10.039255 


Table (K.6): Orientation results associated with the vertical image 20892; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 
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e Protocol (vii) — terrestrial image 208323 


© IFPO-Damascus 


Cr (mm) 


346.629555 


Xo (m) Yo (m) Zo (m) & (gon) p (gon) K (gon) 


9945.214 9609.729 1242.932 92.586885 21.070925 6.023199 


MGm) | Z%0m) | wGgom) | (on) 


x; (mm) yo (mm) cx (mm) 


-0.089678 0.607910 345.845772 


Xo (m) Yo (m) Zo (m) & (gon)  (gon) K (gon) 


9945.255 9609.743 1242.905 92.523778 22.599575 6.174791 


Table (K.7): Orientation results associated with the terrestrial image 208323; where OS: 


Orientation Step, IP: Interior orientation parameters and EP: Exterior orientation parameters 
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Appendix L 
PROGRAM SYSTEM PICTRAN-B (VERSION4.3  (C) TECHNET 1995-1998) 


OUTPUT OF MODULE BUNBIL 
BUNDLE ADJUSTMENT 


PROJECT: THREE-TYPES (vertical, oblique and terrestrial) 


LEGEND OF THE MODULE BUNBIL 


RESIDUAL 

STANDARD DEVIATION OF OBSERVATIONS A PRIORI 
REDUNDANCY NUMBER 

PROBABLE DIMENSION OF A BLUNDER 
DISPLACEMENT IF OBSERVATION DOES NOT TAKE PART OF THE ADJUSTMENT 
NORMALIZED RESIDUAL 

THRESHOLD VALUE FOR NOT TRACEABLE BLUNDERS 
EFFECT OF GRZW ON THE RELATIVE POSITION 
STANDARD DEVIATION OF UNKNOWNS 

STATE (0=FIX, 1=UNKNOWN, 2=0BSERVED) 
BLUNDER IS SUPPOSED 

BLUNDER IS PROBABLE 


= IMAGE- AND OBJECT DATA == 


NU. OF IMAGES 10 
NU. OF IMAGE POINTS 121 
NU. OF OBJECT POINTS 32 
NU. OF CONTROL POINTS 23 
NU. OF CAMERAS 3 
NU. OF PLANES (] 
NU. OF DISTANCES (ce 
NU. OF DIFFERENCES (ce 


ITERATIONS == 
ITERATION UNKNOWNS RIGHT SIDE TIME [s] 
1 0.1000E+11 0.1823E+11 0.00 
2 0.1587E+03 0.6484E+09 0.03 
3 0.6789E+02 0.7664E+08 0.03 
4 0.5044E+01 0.2429E+06 0.04 
5 0.1963E-01 0.8660E+01 0.06 
6 0.3292E-03 0.1481E-02 0.08 
7 0.1201E-05 0.9220E-04 0.09 


DATA OF THE ADJUSTMENT =: 


OBSERVATIONS (0B) 402 
UNKNOWNS (UN) 227 
NU. CONSTR. EQUATIONS (CON) 10 
REDUNDANCY (OB-UN+CON) 185 
SUM OF REDUNDANCY NUMBERS 185.000 
NU. OF DIAGONAL SUBMATRICES 166 
NU. OF ALL SUBMATRICES 763 
NU. OF ALL SINGLE ELEMENTS 11568 
FILLING OF ATPA [%] 0.2197E+02 
menmmmnmenmnnmnmmnnmmmnmenmennnmmenmmenmenmenmnmmennnens IMAGE COORDINATES ------""mmmonmonmenmmmnmmnmmmnmonmemmmmenmnmenmneese 

SYSTEM-NU POINT -NU X BEOBX VX MFVX EVX GFX EKX NVX GRZWX EGKX 

Y BEOBY NY MFVY EVY GFY EKY NVY GRZWY EGKY 

1981 1002 -23.217709 -23.246600 0.0289 0.8000 0.789 -0.037 -0.008 0.041 3.720 0.785 

10.879573 10.778000 0.1016 0.8000 0.798 -0.127 -0.026 0.142 3.698 0.746 

1981 1003 -23.783499 -23.792300 0.0088 0.8000 0.792 -0.011 -0.002 0.012 3.712 0.771 

9.746889 9.588100 0.1588 0.8000 0.800 -0.198 -0.040 0.222 3.694 0.739 

1981 1077 -15.958366 -16.031400 0.0730 0.8000 0.364 -0.201 -0.128 0.151 5.477 3.484 

52.946812 52.886900 0.0599 0.8000 0.674 -0.089 -0.029 0.091 4.025 1.313 

1981 4028 -42.746934 -42.623600 -0.1233 0.8000 0.585 0.211 0.088 0.202 4.320 1.793 

-33.450645 -33.267900 -0.1827 0.8000 0.746 0.245 0.062 0.265 3.826 0.973 

1981 4029 -52.343408 -52.373200 0.0298 0.8000 0.600 -0.050 -0.020 0.048 4.267 1.709 

-30.533070 -30.403900 -0.1292 0.8000 0.701 0.184 0.055 0.193 3.947 1.182 

2025 1002 -23.739999 -23.734000 -0.0060 0.8000 0.874 0.007 0.001 0.008 3.534 0.445 

-4.774517 -4.565600 -0.2089 0.8000 0.881 0.237 0.028 0.278 3.519 0.417 

2025 1003 -24.480808 -24.397900 -0.0829 0.8000 0.872 0.095 0.012 0.111 3.538 0.452 

-5.638203 -5.496500 -0.1417 0.8000 0.882 0.161 0.019 0.189 3.519 0.417 

2025 1077 -7.825952 -7.577000 -0.2490 0.8000 0.854 0.292 0.043 0.337 3.576 0.524 

30.127407 30.515000 -0.3876 0.8000 0.840 0.462 0.074 0.529 3.606 0.578 

2025 1116 -11.689908 -11.733500 0.0436 0.8000 0.754 -0.058 -0.014 0.063 3.805 0.936 

53.707124 53.733200 -0.0261 0.8000 0.803 0.032 0.006 0.036 3.688 0.728 

2025 1136 -61.232510 -61.207500 -0.0250 0.8000 0.852 0.029 0.004 0.034 3.580 0.530 


22.008341 21.589100 0.4192 0.8000 0.832 -0.504 -0.085 0.575 3.623 0.610 


2025 


2025 


2025 


2025 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20891 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


20893 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1983 


1142 


1208 


4028 


4029 


1077 


1110 


1116 


1158 


1160 


1162 


1164 


1208 


1228 


6001 


6002 


6003 


1077 


1110 


1116 


1158 


1160 


1162 


1164 


1208 


4019 


4020 


6001 


6002 


6003 


1110 


1116 


1136 


1142 


1147 


1208 


1228 


1239 


1240 


« 
uw 


en 
h 
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a 
a 


ù h 
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H 
uw 


a 
a 


N eu 
© 


N 
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N 
© 


su 
ER 


po 
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ru 
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.123428 
. 501547 


. 711239 
.773178 


. 646895 
.705261 


.-111672 
. 288885 


. 729126 
.202791 


. 669945 
.997992 


.159195 
.158390 


. 969448 
. 364084 


. 591048 
.343775 


.460406 
.307666 


. 218938 
.-331071 


. 909905 
. 940993 


.169545 
.091233 


.763437 
. 898558 


. 740893 
.686769 


. 626245 
.417626 


.082659 
.646916 


.486816 
.674639 


.189462 
. 559148 


. 241022 
.801742 


.134871 
.642756 


.206010 
.486969 


.195319 
.-380071 


. 200552 
.-871636 


. 202059 
.643393 


.833458 
. 269357 


.544757 
.891901 


. 644006 
.907475 


. 386209 
. 522478 


.519554 
.998476 


.036327 
. 352829 


.083902 
. 908235 


. 986293 
.378664 


. 524967 
.853765 


.215030 
.594753 


. 392938 
.428153 


.319819 
. 884934 


. 640627 


.041500 
.144200 


.789300 
.387700 


.798700 
. 599500 


. 318000 
. 958600 


. 626600 
.108300 


.621500 
.-313700 


.267200 
. 293000 


.048100 
.476300 


. 668000 
.430500 


. 590700 
. 364600 


.351800 
. 379200 


.872600 
.089800 


. 660900 
.931300 


.486700 
.743700 


.647700 
. 640900 


.532400 
.410800 


.481500 
.597000 


.458300 
. 904500 


.037400 
.436800 


.366700 
. 895500 


. 263600 
.763700 


. 336800 
. 598900 


. 321900 
.478100 


.108900 
.754800 


. 729900 
.493900 


.958400 
. 265800 


.777300 
.-011300 


. 519200 
. 885600 


.231700 
.523700 


. 378900 
. 944600 


.210100 
. 213900 


.002900 
.281700 


. 888000 
.773600 


. 009900 
.672300 


. 338400 
.404100 


.023300 
.404900 


.714400 
.738900 


. 202600 


-0. 
-0. 


-0. 
-0. 


1983 


1983 


1983 


1983 


1983 


1983 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


1985 


20892 


20892 


20892 


20892 


20892 


20892 


20892 


20892 


20892 


20892 


20892 


20892 


208323 


208323 


208323 


208323 


208323 


208323 


4015 


4016 


4019 


4020 


5014 


5015 


1110 


1116 


1147 


1208 


1228 


1239 


1240 


4015 


4016 


4019 


4020 


5014 


5015 


1110 


1116 


1158 


1160 


1162 


1164 


1208 


4019 


4020 


6001 


6002 


6003 


1110 


1160 


1162 


1164 


1199 


1228 


.138916 


. 288063 
.303499 


.786702 
.872340 


.308766 
.161607 


. 892113 
. 372428 


.787861 
. 706902 


.161814 
.614834 


.765795 
.851079 


.465933 
.459847 


.776303 
.225373 


.653466 
. 825430 


. 990099 
. 903660 


.621620 
. 695889 


.956521 
.015614 


.142573 
.050377 


.567341 
.759767 


.159349 
.972057 


.736841 
.449565 


. 766948 
.075555 


.005228 
.424440 


. 781908 
.719727 


.457503 
. 243641 


.100574 
.470758 


.919532 
. 322833 


.932793 
.178209 


.853524 
.082678 


.074982 
.010849 


.533036 
.447089 


.867708 
.447709 


. 583232 
. 230000 


.830979 
.771696 


. 248099 
. 269463 


.458866 
.985193 


.418865 
. 594003 


.958242 
.479228 


.400355 
.408596 


.472317 
.087575 


.092478 
.090527 


45. 
-0. 


.082000 


.213500 
. 642000 


.842100 
.002300 


. 656300 
.115400 


. 248100 
. 344400 


. 843300 
. 719800 


. 325100 
. 652900 


.557200 
. 906600 


.783400 
.154000 


. 209600 
.401700 


.872500 
.736800 


.426300 
.823100 


. 206300 
. 544500 


.492400 
.801500 


.203100 
. 304400 


. 695800 
.145400 


.499400 
. 943800 


. 988200 
. 330600 


.710400 
.088800 


.837600 
.463700 


.956200 
.897300 


.383700 
.307500 


.168600 
. 508100 


.-010500 
.354300 


. 006600 
. 244500 


.870600 
.112700 


.093700 
.-010500 


.498200 
.433900 


.761700 
.195300 


.572300 
. 348300 


.028600 
. 838600 


.476900 
. 279000 


.414800 
.042700 


.162000 
.484900 


.006700 
. 384400 


. 750900 
.409500 


.618700 
.827900 


613200 
044000 


.-862 
.825 


-0. 
-0. 


.604 
.163 


-0. 
-0. 


.083 
.028 


.701 
.185 


.559 
.637 


.491 
.-635 


208323 


208323 


208323 


208323 


208323 


208323 


208323 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


208325 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


637126 


CAMERANAME 


1239 


1240 


6001 


7001 


7002 


7003 


7004 


1110 


1116 


1158 


1160 


1162 


1164 


1208 


1228 


1239 


1240 


6001 


7001 


7002 


7003 


7004 


1110 


1116 


1158 


1160 


1162 


1164 


1199 


1208 


1228 


6001 


7001 


7002 


7003 


7004 


69. 
-3. 


010626 
198984 


. 795583 
. 898658 


.268518 
. 764297 


. 378598 
. 565801 


.717421 
.578326 


.091952 
.422213 


.322361 
.354779 


. 723168 
. 658803 


.357942 
.422515 


.310795 
.814878 


.925748 
. 889988 


. 741580 
.978341 


.459707 
.028205 


.086451 
.003703 


.970442 
.490312 


.573606 
.372302 


.691521 
.409103 


.-397672 
.765215 


. 621598 
.587577 


.480712 
.852195 


. 803866 
. 820390 


.959210 
. 209669 


. 362882 
.468484 


. 801285 
. 546090 


. 341237 
.770105 


.605785 
.818634 


.111332 
.834006 


. 502747 
. 904813 


.769035 
.689780 


.958397 
.354121 


. 718382 
.787080 


.878677 
. 222138 


.130256 
.162606 


.458616 
. 993955 


.171774 
.944112 


.065516 
. 900443 


BEOBXO 


69. 
-2. 


PRINCIPAL POINT AND FOCAL LENGTH 


451700 
876900 


.422400 
. 223600 


.186700 
.138200 


. 327800 
. 500000 


. 662600 
.630700 


.038500 
. 505000 


.263700 
. 364300 


.141300 
.897000 


. 813900 
.731200 


.632000 
.972400 


.234000 
.871900 


.088600 
.897000 


. 842200 
.947200 


. 298600 
.781400 


.659300 
. 263800 


.155300 
.997500 


.978100 
.193500 


.261200 
. 556500 


. 391900 
. 028900 


.208700 
. 283900 


. 524300 
. 208500 


.682200 
. 665800 


. 848600 
.496100 


.801300 
.448200 


. 581400 
.874100 


. 890200 
.974300 


.486600 
.974300 


.981400 
.099600 


. 365300 
.452300 


. 379200 
.997200 


. 603900 
.922100 


.095400 
.769500 


. 327800 
.431000 


.678800 
. 376900 


.395700 
. 326800 


. 296500 
. 259900 


VXxe 


-0. 
-0. 


-1. 
-0. 


MFVXO 


4411 
3221 


.6268 
. 3249 


.-0818 
.6261 


.-0508 
.-0658 


.-0548 
.0524 


.-0535 
.0828 


-0587 
.- 0095 


.4181 
.2382 


.4560 
.6913 


.6788 
.1575 


.-6917 
-0181 


.-6530 
.-0813 


.6175 
-0810 


.2121 
.2223 


.6889 
.2265 


.-5817 
.3748 


.2866 
.-2156 


.-1365 
.2087 


.2297 
. 4413 


.2720 
.-4317 


.-2796 
.3881 


.2770 
.4561 


.5143 
.9724 


.- 0000 
-0979 


.7598 
.1040 


.7156 
-.1557 


.6247 
.1403 


. 5213 
.1948 


. 5963 
.2375 


.5792 
.3569 


8855 
1350 


.-2167 
.4526 


.1975 
.2684 


.2202 
. 3829 


.2239 
.-3827 


.-2310 
.3595 


EVXO 


GFXO 


0.809 
0.627 


EKXO 


0.545 
0.513 


NVXO 


0.104 
0.191 


2. 
0. 


.-613 
. 508 


.224 
.474 


973** 
876 


UNCONTROLED 


0.055 0.112 


UNCONTROLED 


-0.044 0.089 


UNCONTROLED 


-0.069 0.140 


1. 
0. 


1. 
0. 


0. 
.222 


UNCONTROLED 
0. 


016 


850 
310 


896 
898 


903 


GRZWXO  EGKXO 


3.674 
4.172 


.703 
.555 


Yo BEOBYO vye MFVYO EVYO GFYO EKYO NVYO GRZWYO  EGKYO MYO STAYO 
C BEOBC VC MFVC EVC GFC EKC NVC GRZWC EGKC MC STAC 
baalbek-61 0.173740 -0.016135 0.1899 1.0000 0.033 -5.671 -5.481 1.038 22.570 21.814 0.7116 2 
0.138436 -0.009015 0.1475 1.0000 0.049 -2.981 -2.834 0.663 18.571 17.653 0.7057 2 
200.354646 200.253031 0.1016 2.0000 0.837 -0.121 -0.020 0.056 9.028 1.470 0.5842 2 
Schrägkamera 0.199348 0.153628 0.0457 1.0000 0.022 -2.118 -2.073 0.311 28.112 27.505 0.7160 2 
-0.566046 -0.459920 -0.1061 1.0000 0.011 9.879 9.773 1.024 39.847 39.419 0.7200 2 
260.484178 259.707205 0.7770 2.0000 0.685 -1.134 -0.357 0.469 9.979 3.142 0.8123 2 
Messbild_Kamera -0.089678 -0.051000 -3.0897 3.0000 0.068 45.388 42.298 3.947** 47.488 44.255 2.0964 2 
0.607910 0.500000 0.1079 2.0000 0.011 -9.506 -9.398 0.506 77.525 76.645 1.4395 2 
345.845772 346.629555 -0.7838 2.0000 0.625 1.254 0.470 0.496 10.446 3.915 0.8863 2 
mnmmmnmmmnmmmnnnnnnmmnnnemnnnnnnnnnnnns CORRELATION BETWEEN INTERIOR ORIENTATION PARAMETERS ------------------------------------"--- 
CAMERANAME PARAMETER1 PARAMETER2 CORRELATION 
baalbek-61 X0 Yo -0.0125 
X0 C -0.2341 
yo C -0.0383 
Schrägkamera X0 yo 0.0002 
Xe C -0.1276 
yo C -0.0166 
Messhbild_Kamera Xe Yo -0.0153 
Xe C 0.1642 
yo C -0.0072 
mnnmnnnmmnnmmnnnennnnnmnnnmnnnnmnnnnnsnnnmnnnsnnnnne CONTROL OF THE ADJUSTMENT -----------"-""mmmssmmsmmmmmmmsmmmmmmnmmmnnnse 
TOTAL IMAGE COORD PROJ.CENT OBJECT COORD DIS DIF PLANE PO PLANE PARAM PRINC PO+C 
REDUNDANCY 185 .000000 179.715417 2.942319 0.000000 0.000000 0.000000 0.000000 0.000000 2.342264 
SIGMA 0.723867 0.728131 0.270100 1.000000 1.000000 1.000000 1.000000 1.000000 0.784580 
VTPV 96.937008 95.280536 0.214654 0.000000 0.000000 0.000000 0.000000 0.000000 1.441819 


Final observations 


TERMINATION LIMIT REACHED AFTER 7. ITERATIONS 
TOTAL TIME OF CALCULATION [MIN] 0.0 


MAXIMUM NORMALIZED RESIDUAL AT: IMAGE COORDINATES 
SYSTEM NU. : 208323 
POINT NU .: 1110 


NORMALIZED RESIDUAL (NV): 4.04 


Appendix 197 


Appendix M 


LPS-system control parameters 


PA Aerial Triangulation 


General | Point | Interior | Exterior | Advanced Options | 


Maximum lterations: fr 


Convergence Value (meters}: | 0.00500 à 


[ Compute Accuracy for Unknowns 


Image Coordinate Units for Report Milimeters " | 


Figure (M.1): The convergence value applied into the triangulation process of Baalbek’s 


vertical images achieved using LPS - System control parameters 


| Triangulation Summary 


Triangulation Iteration Convergence: Yes 


Total Image Unitw/eight RMSE: 0.4275 


 Updat 
Control Point RMSE: Check Point RMSE: __Update | 


Groundx:  1.2073 (20) Groundx:  O.0000 (0] 


Report... 
Ground Y:  0.7688 (20) Ground Y: 0.000 (0) _Repot.. | 
GroundZ:  1.6686 (20) GroundZ:  0.0000 (0) Review... | 


Image X: 0.4000 (50) Image *: 0.0000 (0) Help | 
Image Y: 0.2301 (50) Image Y: 0.0000 {0} 


a 


RMSE Significant Digits: ul 


Figure (M.2): The total RMSE resulted after the triangulation process - vertical images 
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fs. Resample 
Output File: (*.img] Resample Method: 


| submap_baalbek.img 2 | [Nearest Neighbor -| 


Output Map Information: 


Projection: Unknown 
Units: other 


Number rows: 4158 Number columns: 5053 


Output Corners: 


ULX: [7584 308837 < LR: [12542 473000 <- 


ULY: | 12348 602044 =: LFY: 8268.814153 + 
From Inquire Box | 


Output Cell Sizes: 


se. [0.381426 =] v. [uss42 2 | Norinal… | 


Recalculate Output Defaults… | V4 
Batch | Cancel | Help | 


Figure (N.1): The interpolation method used in the georeferencing process of Baalbek’ map 


as well as the output cell size is ca. 10 x 10 
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PA Ortho Resampling EEK 
General | Advanced | 


Input File Name: 1981.mg dis g 
Output File Name: (* img) otho1381.img 2 


DTM Source:  [DEM Y| Vertical Units: [Meters | 
DEM File Name: [dom kate_Jekaling | Properties 


Output Cel Ses: 1x DEN = v. [or201706 | 
TRETE El LR [128 esrt7s0s _. 


uv. [rriroegsssst El D'ALLEEE E 
Output rows: 6764  columns: 6269 Recalculate.. | 


Add... | Add Multiple... | Delete | MN Show Path 


Row # Output Image Name Active drea Resample Method DTM Source 


Erehng Paabe ea aunamenbesbaU ps pee oopee Halo tm 0 | bre | ON | 
ohne baabal et aunamen/besbat ps Peabeothop HéaloelS2m) 10 | bre | ON | 
ohne baabal et aunamenbesbal ps Peabeathope Héaloe@m) 10 | bre | DIN | 
ohne Paabal et aunamen/besbat ps Paseo HéaloelSm) 10 | bre | ON | 
ohne Paabal et aunamenbesbat ps Peabeathopet Héaloel@mg) 10 | bre | ON | 
he Paabal et aunamen/besbal ps Peabeothepe Héalote2 ml 10 | bre | ON | 
ne baabal ea aunamen/besbat ps beabebotheee Héalote22m 10 | bres | ON | 


Figure (0.1): Baalbek’s orthophoto parameters 


on="1.0" encoding="UT 


AREA, PERIMETER, ID, £ 


gml:id="."> 


PERIMETER, ID, Z 


64 Further City Object Members 


Figure (P.1): CityGML Schema referred to the original CityGML file representing the 


photogrammetric reconstruction of the temple Jupiter 
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<?xml version="1.0" encoding="UTF-8"?> 


<CityModel xmlns="http://wnww.citygml.org/citygm1/1/0/0" 
xmins :gml="http://www.opengis.net/gml"> 
<core:cityObjectMember> 
<bldg:Building> 


<!-- Five Attributes: NAME, EPOCH, RESTORATION, 
function, yearOfConstruction --> 


<bldg:lod2MultiSurface> 
<gml:MultiSurface> 
<gm1l : surfaceMember> 
<gml:Polygon gml:id=".."> 
<gml:exterior> 
<gml:LinearRing> 
<gml:posList> 


<!l-- List of Coordinates --> 


</gml:posList> 
</gml:LinearRing> 
</gml:exterior> 
</gml:Polygon> 
</gm1 : surfaceMember> 


<!l-- 419 Further Surface Members --> 


</gml:MultiSurface> 
</bldg:1od2MultiSurface> 
</bldg:Building> 
</core:cityObjectMember> 
</core:CityModel> 


Figure (Q.1): CityGML Schema referred to the new CityGML file representing the 


photogrammetric reconstruction of the temple Jupiter 
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Appendix LST (Extension - Chapter 2) 
2.4. Least Squares Theory (LST) 


Basically, “the BBA can be defined as the process of evaluating coordinates of targets and 
exterior orientation parameters of cameras using the least squares theory based on the 
collinearity equations” (Cooper & Robson, 2001, pp. 35-38). To develop the principle of 
LST, suppose that there are n independent weighted measurements: x,x: x, and their most 
probable value is M. By definition: 
M—-Xx =v 
Fr (2.11) 


M — Xn = Un 


where v, to v, are the residual errors (in practice, they are also called: residuals). They can 
be used in the normal distribution function because they behave in manner similar to errors. 


This can be mathematically formed as following (Ghilani & Wolf, 2006, pp. 173-176): 
y = f(v) = Ke (2.12) 
where: À = 1/0V2 and K = h/Vr 


The probability for the residuals occurrence is the product of the individual probabilities due 
to stochastic independencies; with respect to the infinitesimal small increment (Av) of v that 


means: 
pr KM (Avÿre hi +vit-+v8) (2.13) 


The relationship (2.13) reveals that to maximize the probability, the sum of the squares of the 
residuals must be minimized. Therefore, the fundamental principle of the least squares theory 


can be presented by the following equation: 
ZLv? = v? + vi +. +v2 = minimum (2.14) 


Consequently, the least squares adjustment enables to compute the most probable value for a 
quantity which has been observed. The computation flow in the least squares method depends 


on the mathematical model presenting the adjustment problem. This mathematical model can 
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be structured into: functional model and stochastic model. They will be described in details in 


the next section. 
2.4.1. The mathematical model 


“It is defined as a theoretical system or an abstract concept which used to describe a physical 
situation or a set of events. This description is not necessarily meant to be complete, but to 
relate only to those aspects or properties that are under consideration” (see: Mikhaïl & 
Ackermann 1976, pp. 3-6). The mathematical model consists of the two parts: the functional 


model and the stochastic model. 
2.4.1.1. The functional model 


“The functional model in the adjustment computation is an equation or set of equations that 
represents or defines an adjustment condition” (Ghilani & Wolf, 2006). Basically, the 
functional models can be classified into three types: the conditional, parametric and mixed 
adjustments. In the first one, the geometric conditions are based on the observations and their 
residuals. In contrast, the parametric adjustment describes the observation based on unknown 
parameters that were never observed directly. In some cases the conditional and parametric 
adjustments should be used together in order to define the functional model optimally. In our 
research we focus on the parametric adjustment due to the large systems of the equations, 


moreover, it is easier in its development and solution. 


To express the parametric adjustment, suppose that there are (n) observations L; measured 
based on (u) unknown parameters À 5. Thus, the main task in the bundle block adjustment is 
the formulation of the functional relationship between the observations L; and the unknown 


parameters Ÿ ; associated with a certain adjustment problem. 


The mentioned relationship could be expressed as following (according to Luhmann, 2003, 


pp. 50-52, Niemeier, 2008, pp. 120-124): 


Les) = 7/0) (2.15) 


where: i=1...n (n the number of the observations) 


j=1.. u (u the number of the unknowns) 
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The functional model presented by the equation (2.15) describes the relationship between the 
true values of the observations and the true values of the unknowns. Due to that the true 
values are not known, the observations vector L; will be substituted by the actual observations 
vector L; (measured values) with the consideration of the residual vector (v;). Similarly, the 
vector À; should be estimated by the vector of the adjusted unknowns (À 5). That means that 


the formula (2.15) can be re-formed: 
L=ltv= f(Rr 2, …, À) (2.16) 


In general, the constraint equations involved in an adjustment problem can be non-linear. 
However, the adjustment method is generally performed with linear functions, since it is 
rather difficult and often impractical to seek a least squares solution of non-linear equations. 
Therefore, a linearization of the formula (2.16) has to be enforced to get linear form (Mikhaïl 


& Ackermann, 1976, pp. 108-110). 


2.4.1.2. Linearization process of non-linear functions 


Series expansions and Taylor’s series are used to obtain linear equations with respect that 
only the zero and first order terms are used and all other higher order terms are neglected. To 
demonstrate how the linearization process is achieved, let any set of non-linear equations (e.g. 
the equations presented in the formula 2.16) be regarded. The value of the function f can be 
determined in the position (X° + Ax) through the Taylor’s series if the value of the function 
f" in the position X° is known; with respect that the value Ax is small. Hence, the requested 


value f(X° + Ax) is given (Niemeier, 2008): 


FX + Ax) = fF(X9) + ee NX (2.17) 


In analogue manner the equations (2.16) can be linearized as following: 


Li+u = f(X9,X9,…, X°) + Ci. LR + Cle Rp ER À, (2.18) 


R. = Ÿ.— X0 : x° imati 
À; = À; —X; ; X; approximations of unknowns 


i=1,.,nand}j=1,.….,u 


Appendix 205 


The partial derivations of the functions could be expressed through: 


NUE 
di; = CS (2.19) 


The design matrix A(,,,, is built based on the partial derivations: 


di1 12 du 
A2 d>2 s.. dy 

A(nu) = | : é pa (2.20) 
An An2 ….. Any 


On one hand the vector À ; is computed based on the non-stochastic approximate values X F of 


the unknowns and the stochastic vector £;: 

À; = x? +à (2.21) 
On the other hand and based on the equation (2.16), the approximate values of observations 
can be calculated as following: 

LÉ = fi(XL,X2, «., Xù) (2.22) 
The differences between the actual measured observations and the calculated one are given: 

l = L; -L (2.23) 
According to the equation (2.19) and (2.22), the equation (2.18) is expressed: 

Li+v;= Li + ai; (2.24) 
With respect to (2.23) we find: 

li +v; = a;;.Â; (2.25) 
The linear form presented in the equation (2.25) can be formulated in matrix form: 

ln1) + V1) = Au): R(u,1) (2.26) 
2.4.1.3. Stochastic model 


It describes the non-deterministic or stochastic (probabilistic) properties of the variables 
involved. When the measurements of some variables are achieved, all relevant physical and 
environmental circumstances should be recorded during the measuring period to model the 


stochastic properties correctly (Mikhaïl & Ackermann, 1976, pp. 5-8). On other words, the 
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variances and subsequently the weights of the measurements should be determined. This 


determination is known as stochastic model in the least squares adjustment. 


In order to explain the meaning of the stochastic model and what it reveals, let any set of 


measurements (observations) be considered, which could be expressed in the vector of the 


observations: 
Li 
L 
ET (2.27) 
La 


The stochastic properties of the vector L{,,) are presented in the covariance matrix (Luhmann 


2003, pp. 52-54 & Niemeier, 2008, pp. 124-126): 


Cu P120102 ……  PinO10n 
2 
O0: O 2 . P2n020n 
Cy = P2102 1 a (2.28) 
2 
Pn10n01  Pn20n02 … On 


where: o;: standard deviation of the observation L;, i = 1..n 
Pij: the correlation coefficient between L; and L; (i & j) 


If the observations are independent and homogeneous, the covariance matrix can be given: 


0? S 0 
© 
Cu = : = 0 Lun) (2.29) 
0 0 6} 


It is essential to compute the cofactor matrix Q,, of the observations because it includes 
information about the accuracy of observations. This matrix for stochastical independent 


observations can be determined starting from the equation (2.29): 


61/06 : 0 3 0 0 
Ca = 66 Qu — 06 - “ oi ke . = GÈ Q wW=1 (2.30.a) 
0 0 5e OATOR 


Consequently, the matrix Q,, is calculated as following: 
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Qu =W (2.30.b) 
where: W the weight matrix 


Particularly, the value o, is applied into the computation as a prior standard deviation of the 


unit weight s, (in general, s, = 1); that means the weight value of an observation should be: 
1 
W, = 7 (2.31) 


The equation (2.31) shows that the observation, with the largest standard deviation, will take 
the smallest weight in the adjustment. Due to the observations have weights, moreover, the 


residuals are related to the observations; the equation (2.14) should be rewritten as: 
Zwv? = wv? +wvi ++ w,v2 = minimum (2.32) 


2.4.2. Estimation of the unknown parameters 


To estimate the unknown parameters, the parametric adjustment can be used. Based on the 


Equation (2.26) the residuals are: 
v=AR-Il (2.33) 


With the assumption that the observations have the same weight and with respect to the LST 


principle (Equation 2.14) we find: 

vT:v- min 
This leads to: 

vliv=(AR-DT(AR-D 

vTev = STATAR — 28TAT] + IT] (2.34) 
The 1* derivation of the relation (2.34), in according to &, gives: 

d(vT : v) = 2d8T(ATAR — ATT) (2.35) 


The 1° derivation will be zero, if the: 


ATAR — All =0 (2.36) 
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Thus, the unknown parameters could be given: 

$—(ATA)=T(ATI) (2.37) 
For simplification of the last equation we assume: 
N = ATA: the normal equation, and n = Afl: the right part of the normal equation; this means 


the formula (2.37) can be expressed as following: 


$=N°in (2.38) 
In the weighted case, the equation (2.38) should be formed with respect to the weight values 


associated with measurements: 


N = ATWA 
n = ATWI (2.39) 
&=N în 


2.4.3. Quality assessment of the estimated parameters 


On one hand to ensure that the parameters estimated are relative qualitative, it will be 
important to calculate the cofactormatrix of the adjusted unknown parameters. This matrix 


can be derived based on the normal equation: 


Qgz = N°! (2.40) 


It follows to the cofactormatrix of the adjusted observations 


Qi; = AQzxA' (2.41) 


On the other hand to check the global accuracy of the adjustment calculation, the estimated 
standard deviation of the unit weight $, (a posterior standard deviation of the unit weight) 
should be taken into the account. Particularly, if $&, is in the range [0.7-1.3] that could mean 
there is no large errors shown in the adjustment calculations and the primary standard 
deviation of the unit weight (before the adjustment) is confirmed by $, and therefore a 
balance stochastical model is guaranteed. In contrast, if the value of £&, is not in the above 


mentioned range, this can be interpreted as following (Gründig, 2003a & 2003b): 
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e The stochastic model is applied into the computations faultily; that means the stochastic 
properties of the observations should be controlled (note that the value s, doesn’t affect the 
numerical values of the adjusted parameters). 

e The functional model is insufficient (e.g. large failures in the observations will affect the 


parameters calculation). 


However, the estimated standard deviation of the unit weight is given (after the adjustment): 


x T WW. 
= En (2.42) 


Based on the equation (2.42) the estimated standard deviations of the unknown parameters À; 


could be denoted: 


where: q;; the elements of the main diagonal of the matrix Qe+ 
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